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Intra-industry trade (IIT) is one area in international trade that interests me very 
much.  The pattern of world trade has been changing consistently over the last half 
century, in which the importance of intra-industry trade has increased significantly.  
Such a trade pattern change has consequences on domestic real economic variables 
due to the associated capital and labor adjustments.  My dissertation sets out to 
identify the US static and dynamic trade patterns and investigate the determinants of 
US intra-industry trade.  In the analytic part of the dissertation, I introduce capital 
accumulation and an innovation process into a North-South quality-based product 
cycle model.  The model demonstrates that product quality upgrading is an important 
channel for FDI to affect North-South intra-industry trade, which explains the 
observed concurrence of FDI, product quality upgrading and North-South IIT.  In the 
empirical part of the dissertation, I first examine the pattern of the US intra-industry 
trade, with a separation of horizontal intra-industry trade and vertical intra-industry 
trade, and then investigate the determinants of the US IIT accordingly.  Relevant 
panel data and limited dependent variable techniques are applied for estimation.  The 
results uncover meaningful information on the static and dynamic patterns of US IIT 
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In the 1960s, researchers had noticed that a large portion of trade between 
industrialized countries takes place in industries that fall into the same industry 
classification, and is called intra-industry trade (IIT).  Researchers have proposed that 
since capital intensities for products within an industry are regarded as similar, the 
adjustment costs involved in resource allocation caused by IIT would be less than the 
adjustment costs caused by inter-industry trade (the Smooth Adjustment Hypothesis).  
Later studies further argue that the Smooth Adjustment Hypothesis may only be valid for 
HIIT (trade in horizontally differentiated products), since theory for VIIT (trade in 
vertically differentiated products) allows capital intensities to differ for the same 
differentiated product with different qualities.  Trade pattern featuring the relative 
importance of IIT, HIIT and VIIT thus has direct welfare implications on domestic 
economy.  It is important to study the status quo of a country’s trade pattern, how the 
trade pattern changes, and the determinants of IIT, HIIT and VIIT.   
The first essay sets out to provide theoretical explanations for the fast-growing 
North-South IIT, an observed feature of the US foreign trade, using a modified Flam and 
Helpman (1987) quality-based product cycle model.  The second essay identifies the US 
trade pattern and changes in its composition, and examines possible determinants of 
different components of US IIT empirically.  Together, the two essays uncover 
meaningful information on the US IIT patterns and provide theoretical and empirical 
evidence on factors affecting US IIT components.  
We have observed for the past two decades that the importance of North-South IIT 
has grown significantly, along with FDI inflows and product quality upgrading taking 
place in major developing countries.  Though one would intuitively consider FDI as one 
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force behind quality upgrading and North-South IIT growth, no rigorous efforts have 
been made to examine their theoretical relationships in a North-South trade model.  Essay 
one seeks to fill the void by addressing the roles of FDI and product quality upgrading in 
North-South IIT growth in a modified Flam and Helpman (1987) quality-based product 
cycle model.  It is shown that product quality upgrading in the South is an important 
channel for FDI to increase North-South IIT volume and North-South IIT share. The first 
essay thus contributes to the literature by providing theoretical explanations for the 
observed concurrence of FDI, product quality upgrading and North-South IIT.    
Compared to studies on European countries, empirical studies on US IIT have been 
relatively few, unparallel to the significance of the US trade in the world.  Furthermore, 
unlike most studies on other countries, in which the separation of horizontal IIT share 
(HIIT) and vertical IIT share (VIIT) has been widely used, no effort has been made to 
study US IIT based on the separation of HIIT and VIIT.  As a consequence, we know 
little about the composition of US IIT patterns, and how the determinants suggested by 
theory affect the different components of US IIT.  The second essay firstly identifies the 
static and the dynamic US IIT patterns based on the separation of HIIT and VIIT using a 
new separation method proposed by Kandogan (2003). The US IIT pattern uncovered by 
the study is one characterized by the dominance of HIIT at industrial level and by the 
dominance of VIIT at country level.  The second essay secondly investigates the 
determinants of static and dynamic HIIT and VIIT empirically.  Using panel data model 
techniques and limited dependent variable model techniques, the estimated results 
provide direct evidence to theoretical propositions regarding country-specific and 
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industry-specific determinants of HIIT and VIIT; especially, the theoretical link between 
FDI, product quality upgrading and North-South IIT is supported by the empirical results.    
The second essay firstly contributes to the literature by providing detailed 
information about the static US IIT pattern across industries and the dynamic US IIT 
pattern across countries over time.  The information about the US IIT pattern helps one to 
evaluate the significance of the Smooth Adjustment Hypothesis.  Secondly, the second 
essay provides direct evidence regarding determinants of different components of US IIT, 
identifying the forces behind US IIT pattern changes.   
Following the end of the second essay, a conclusion will be given to evaluate the 
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EXTENSION TO THE QUALITY-BASED  
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It has been widely recognized by researchers that a large portion of world’s trade 
falls into the category of intra-industry trade (IIT).1  The apparent difference between IIT 
and inter-industry trade has led to a considerable amount of literature on the causes, 
determinants and welfare implications of IIT.  Among them, North-South IIT has 
received an increasing attention as North-South IIT has become more significant over 
time.  
There are two kinds of North-South IIT models in the literature.  One kind explains 
that North-South IIT takes place due to scale economies and horizontal product 
differentiation2.  The other kind argues that North-South IIT in products differentiated by 
quality (vertical differentiation), can be explained by factor endowment differences and 
technology differences, as suggested by traditional trade theory3.   
An issue emerging from the previous literature is that the role of quality upgrading 
and resource allocation has not been thoroughly studied.  Casual observations suggest 
that FDI, quality upgrading and North-South IIT often move in the same direction, as 
what have occurred in some East Asia countries for the last two decades.  Although one 
would intuitively consider FDI as one force behind quality upgrading and North-South 
IIT growth, no rigorous efforts have been made to examine their theoretical relationships 
in a North-South trade model.    
In horizontal differentiation models, FDI may affect IIT via the form of 
multinationals, but the effect of FDI on quality upgrading in the South is not clear, given 
                                                 
1 Intra-industry trade refers to simultaneous imports and exports of products that fall in the same industry 
classification.  
2 See Helpman and Krugman (1985) for demonstrations. 
3 Representative studies include Falvey and Kierzkowski (1987), Flam and Helpman (1987).   
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that by assumption products are horizontally differentiated in nature.  Vertical 
differentiation models, either assuming that product quality is exogenously determined or 
ignoring the role of capital accumulation, cannot explicitly examine the role of FDI in 
quality upgrading as well as changes in IIT share4.  These facts call for a further 
theoretical study that focuses on the link between FDI and quality upgrading as well as 
the share of North-South IIT.  
This study extends a quality-based product cycle model in which the roles of FDI 
and product quality upgrading in North-South IIT can be addressed. Such a study has two 
distinguishing features.  Firstly, unlike previous models in which the level of product 
quality is associated with either capital intensity or technology level, this study assumes 
that quality of a differentiated product is associated with both capital intensity and 
technology level.  Secondly, an imitation process in the South is introduced as a process 
that utilizes labor and capital as factors and promotes labor efficiency. These two features 
enable one to investigate the theoretical relationships among FDI, quality upgrading and 
North-South IIT in a typical quality based product cycle model. 
There are three main conclusions from this study: i) FDI inflow provides more 
resources for imitation activity in the South and promotes its product quality upgrading; 
ii) a positive causal link between FDI and the share of North-South IIT exists under some 
reasonable assumptions, iii) a rise in the North’s endowment in capital may lead to 
product quality upgrading in the South, and possibly lead to a higher share of North-
South intra-industry trade. 
                                                 
4 For example, Falvey and Kierzkowski (1987) take product quality as exogenous.  Flam and Helpman 
(1987) and Stokey (1991) ignore the role of capital accumulation. 
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The results of this study not only provide intuitive and rigorous explanations for the 
observed concurrence of IIT growth, FDI increases and product quality upgrading in 
developing economies, but also generate testable hypotheses, which lead to potential 
empirical studies.   
The next part of this paper reviews relevant literature on North-South IIT models.  
Part III modifies a quality-based product cycle model to accommodate investment and 
imitation process in the South.  Part IV studies how FDI affect quality upgrading in the 
South and North-South IIT.  Part V examines the trade pattern changes caused by a wider 
capital endowment difference between the North and the South. The last part concludes. 
 
II. Literature Review 
One strand of North-South IIT models takes root in the “new” trade theory, which 
explains IIT by scale economies and horizontal product differentiation. The “new” trade 
theory was mainly developed in Krugman (1979, 1980), Lancaster (1980), and Helpman 
(1981). Although different in assumptions about individual’s preference, the arguments 
presented are similar5.  Typically, each firm is characterized by internal scale economies, 
and there are no barriers for entry.  Since entry drives profits to zero, each firm only 
produces one differentiated product in the equilibrium.  Consumers prefer variety and 
therefore gain from increased product differentiation.  Scale economies and horizontal 
product differentiation thus lead to IIT when trade is opened up.   Helpman and Krugman 
(1985) develop a model to explain North-South IIT based on the “new” trade theory.  
                                                 
5 In Krugman’s studies, consumers prefer as many varieties as possible, thus they have a “love of variety” 
preference.  Lancaster and Helpman’s studies assume that each consumer prefers one variety to the other, 
thus the “favorite variety” preference.    
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Their study predicts that North-South trade will be of both IIT and inter-industry type, 
and that IIT takes place in horizontally differentiated products. 
The other strand of models was mainly developed in Falvey (1981), Falvey and 
Kierzkowski (1987), Flam and Helpman (1987).  In Falvey and Kierzkowski’s model, 
individuals are assumed to have identical but non-homothetic preferences.  Combining 
with different income levels, demand for variety is ensured at the aggregate level.   
Falvey and Kierzkowski show that trade equilibrium would be one in which the North 
will export the high quality differentiated product and import the low quality 
differentiated product as well as the homogenous good.  Thus, North-South IIT of 
vertical differentiation nature (differentiated by quality) can be explained by a modified 
Heckscher-Ohlin model, instead of by scale economies and horizontal product 
differentiation. 
Flam and Helpman (1987) use a quality-based product cycle model to show that 
even with identical factor endowments, differences in technology levels can explain the 
existence of North-South IIT in vertically differentiated products.  Flam and Helpman’s 
study is similar in spirit with Falvey and Kiezkowski’s.  Shaked and Sutton (1984) show 
that North-South IIT of vertical differentiation can be explained by linking product 
quality with Research and Development (R&D) in an oligopoly content model. 
However, the role of FDI and product quality upgrading in North-South IIT has not 
been thoroughly studied in both kinds of models.  Especially, in horizontal differentiation 
models, products are not differentiated by quality.  As a result, horizontal differentiation 
models are not suitable to address the issue of product quality upgrading.  Falvey and 
Kierzkowski’s model has the potential to study FDI’s effect because capital is included as 
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a factor, but product quality in their study is assumed to be determined exogenously.  
Flam and Helpman’s model examines product quality changes in a quality-based product 
cycle, but capital is not included as a factor of production.  As a result, FDI’s role is left 
out.  The same practice occurs in Stokey (1991).  The rationale is that capital is perfectly 
mobile, thus including a common factor would complicate a model unnecessarily. 
However, it may not be appropriate to ignore the role of investment in the presence 
of imitation even though capital is perfectly mobile.  If the imitation activity in the South 
contributes to labor efficiency and requires both labor and capital as factors, FDI 
contributing to capital accumulation affects resource allocation in the South, and 
therefore has effects on labor efficiency, which in turn affects quality upgrading and 
North-South IIT. 
Conventional studies on FDI and trade often focus on multinationals (MNE) as a 
major form of FDI and MNE takes place to take advantage of scale economies and low 
production cost in the South.  For example, Helpman and Krugman (1985) show that in 
the case of vertical MNE, MNE could complements IIT or replace IIT depending on 
whether the capital rich country is the net exporter of manufactures.6   Markusen and 
Venables (2000) show that horizontal MNEs could be the form of FDI as production is 
moved to other countries to reduce trade costs and exploit scale economies.  In this case, 
MNEs displace IIT but create “intra-firm” trade.  However, besides the form of MNE in 
vertical or horizontal production, whether FDI affects trade pattern via other channel like 
quality upgrading has not received much attention. 
                                                 
6 Vertical MNE refers to the case that a MNE geographically separates its headquarter services from 
production activities.  
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This essay addresses the issue of quality upgrading and North-South intra-industry 
trade, in which FDI is an important force behind quality upgrading.  We expect that such 
a study help to explain the observed phenomenon that FDI, quality upgrading and North-
South IIT increase together, and yield testable hypotheses for empirical studies. 
 
III. A Quality-Based Product Cycle Model 
In this section, the quality-based product cycle model derived by Flam and 
Helpman (1987) is modified to include capital as a factor and imitation activity as a 
process.  In a 2x2x2 model, one country is capital abundant, called the North; the other is 
labor abundant, called the South.  There are two sectors: a homogenous product (y) 
sector, and a differentiated product (x) sector.7  The quality of differentiated product x is 
indexed by z.  Labor is mobile within a country but immobile between countries.  Capital 
is perfectly mobile. 
3.1. The supply side 
The North carries out innovations and introduces the differentiated product with 
higher qualities. The South has the ability to imitate and produce.  Both the homogenous 
product and the differentiated product sectors are characterized by constant returns to 
scales, such that no internal scale economies need to be considered in this case. 
Assuming that one unit of labor and c units of capital are needed to produce one 
unit of the homogenous product in both countries, then the supply prices of the 
homogenous product in the South and the North are the following: 
( ) 1p y rc= +                                                                            (1) 
                                                 
7 The product is differentiated by quality. 
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* * *( )p y w r c= +                                                                         (2) 
where ( )p y  and *( )p y  are supply prices of the homogenous product in the South and 
North respectively.  Note that we have normalized the real wage rate of the South to 1, it 
follows that r  is the capital return in terms of real wage in the South.  Similarly, *w  and 
*r  are real wage rate and capital return of the North in terms of real wage in the South. 
In the presence of trade, the market price for the homogenous product is given by 
[ ]( ) min 1 , * *p y rc w r c= + +%                                                        (3) 
By assumption, the North is more capital abundant than the South, then *w  is 
greater than 1.  Also by assumption, capital is perfectly mobile, then r = *r  necessarily.  
It follows that *1 rc w rc+ > +  always. The South thus has a comparative advantage in 
producing the homogenous product y. 
Let *( )a z and *( )b z be the labor input and capital input for one unit of quality 
output in the North.  Let ( )a z and ( )b z be the labor input and the capital input for one unit 
of quality output in the South.  It is assumed that the unit labor and capital inputs 
functions are all twice differentiable and convex in z.    
An imitation process in the South is introduced. The imitation activity utilizes both 
labor and capital as factors.  We define the imitation level T as an increasing function of 
both capital and labor allocated to imitation process, denoted as TK  and TL  respectively. 
Then ( , )T TT T K L=  has the properties that 0, 0K LT T> > . 
 13
A higher level of imitation improves labor efficiency in the South’s differentiated 
product sector.  Rewriting the unit labor input function for z in the South as ),( Tza , then 
),( Tza  has the following properties: 
( , ) 0, ( , ) 0, ( , ) 0z T zTa z T a z T a z T> < <                                              (4) 
The underlying assumption is that the higher quality of the differentiated product, 
the more labor inputs are required; the higher imitation activity level, the less labor inputs 
are needed. 
The supply prices of quality z in the two countries can be written as 
( ) ( , ) ( )p z a z T rb z= +                                                                          (5) 
*( ) * *( ) * *( )p z w a z r b z= +                                                              (6) 
The market price for the quality z is the following: 
* * *( ) min ( , ) ( ), ( ) ( )p z a z T rb z w a z rb z = + + %                                        (7) 
Assuming that the labor in the North is more productive in producing the 
differentiated product with high qualities, then it follows that *( , ) / ( )a z T a z  increases in 
z.  We further impose the condition that capital is equally productive in the two countries, 
then )()( * zbzb = 8.  Equation (8) thus implies that the South has a comparative advantage 
in producing x  with low qualities, and the North has a comparative advantage in 
producing x  with high qualities.  As in Flam and Helpman (1987), there exists a break-
even point z  in the chain of comparative advantages that satisfies * *( , ) ( )a z T w a z= . 
                                                 
8 The assumption is imposed to simplify the model, which allows us to focus on the role of labor efficiency 
in affecting trade. 
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Innovation in the North is a gradual process that depends on the previous stock of 
knowledge.  We can use maxz  to represent the available stock of knowledge.  Let 
innovation take place by a constant speed9: 
maxizz =&                                                                               (8) 
where i is a positive, constant coefficient. 
3.2. The demand side 
We follow Flam and Helpman (1987) to assume that consumers’ preferences are 
homogenous but non-homothetic.  With different income levels, demand for variety is 
generated.  Each consumer can consume the homogenous product y  in any desirable 
amount, but can only consume one unit of the differentiated product x .  Consumers can 
choose the qualities of the differentiated product available in the market.  A typical 
consumer’s problem is the following: 
( , ) . . ( )* ( )Max U y z s t p y y p z I+ ≤% %                                 (9) 
The consumer’s utility function is quasi-concave and increasing in both arguments.  
Following Flam and Helpman (1987), the utility function takes the following form: 
( , ) zU y z yeλ=                                                                             (10) 
The solution yields the demand functions for y  and z  as functions of income and 
relative factor prices. 
 
 
                                                 
9 Glass (1997) endogenizes the speed of innovation.  Since the focus of this study in on the South’s 
imitation, I decide to set the speed as exogenous. This makes the model easy to handle and would not affect 
its main findings.  
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3.3. Trade equilibrium 
In the trade equilibrium, given the specialization pattern and demand for variety in 
both countries, consumers consume the varieties produced by both countries.  Following 
conventional assumption, the homogenous product and the quality of the differentiated 
product are treated as normal goods.  With a higher income, a typical consumer would 
demand more quantity of the homogenous product and higher quality of the differentiated 
product. 
For a consumer who purchases the differentiated product from the North, utility 
optimization yields the equilibrium quality of the homogenous product y as follows: 
* * *( ) ( )
(1 )





%                                                               (11) 
The corresponding income level of the consumer can be expressed as  
* * * * * *1( ( ) ( )) ( ( ) ( ))z zI w a z rb z w a z rb zλ
= + + +                              (12) 
Similarly, for a consumer who purchases the differentiated product from the South, utility 
optimization yields the equilibrium quality of the homogenous product y as follows: 
( , ) ( )
(1 )





%                                                                       (11a) 
and the corresponding income level is 
1( ( , ) ( )) ( ( , ) ( ))z zI a z T rb z a z T rb zλ
= + + +                                       (12a) 
If there exists an income level dI , above which consumers demand for Northern-
produced qualities, and below which consumers demand for Southern-produced qualities, 
the lowest Northern product quality traded can be obtained from equation (13) as follows: 
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*( , )dz z I w
+ +=                                                                      (13) 




z .                                                                               
Similarly, the highest Southern product quality traded is obtained from equation (13a) 
( , )dz z I T












 can be obtained from  equation (14). 
Given that dI satisfies that 
( ) ( ), ,
( ) ( )
d dI p z I p zu z u z
p y p y
+ −
+ −   − −=   
   
% %
% %
, the dividing 
income level dI  in function of factor prices and the imitation activities can be solved as 
follows: 
*( , )d dI I w T=                                                                            (15) 











At the equilibrium, trade pattern is determined by the two countries’ comparative 
advantages.  The South exports the homogenous product and the differentiated product 
with qualities lower than z− , and the North exports the differentiated product with 






3.4. The volumes of trade and intra-industry trade at the equilibrium 
3.4.1. Quality ranges 
The set of income classes in both countries is defined as the unit interval [0, 1].  Let 
the distribution of effective labor units across income classes be represented by the 
density function ( )f h  and *( )f h for the South and the North respectively.  Further 
assume that the distributions of capital endowments across income classes are the same 
as the distribution of effective labor units10.  Let L  and *L  be the total labor endowments, 
and K  and *K  be the total capital endowments for the South and North respectively.  
The total incomes for people in income class h  [ ])1,0( ∈h  in the South and the North are 
the following: 
( )( )f h L rK+                                                                            (16) 
* * * * *( )( )f h w L r K+                                                                      (17) 
Further define the distribution of population over income classes as n(h) and n*(h) 
respectively.  Population sizes are N and N* for the South and the North.  It follows the 
income level of a Southern individual in income class h is  
( )( )( )
( )
f h L rKI h
Nn h
+
=                                                                  (18) 
Because consumers in one country consume the varieties produced by both 
countries, there exists an income class dh  in the South and 
*
dh  in the North, such that 
individuals who belong to the dividing income classes earn exactly dI .  Those with 
                                                 
10 It is more reasonable to assume capital endowments have different distributions.  I adopt the assumption 
to simplify the model manipulation.  
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income levels higher than dI  demand qualities produced by the North, and those with 
income levels lower than dI  demand qualities produced by the South. The dividing 
income level dI  satisfies 
* * * * * *
* * *
( )( ) ( )( )




f h L rK f h w L r KI
Nn h N n h
+ +
= =                                  (19) 
Given income distributions, from equation (13) and (13a), the range of qualities 


















                                                              (20a) 










                                                   (21) 










                                                    (21a) 
Here, the product quality ranges consumed by consumers in both countries can be 
obtained.  Specifically, Southern consumers in income class ]1,( dh  demand northern- 
produced quality ],[ maxzz
+ .  Northern consumers in income class ),0[ *dh  demand 
southern-produced quality 
*
min[ , ]z z
−
. 




* *0, 0, 0, 0
z zz z
T T w w
∂ ∂∂ ∂
> > > >
∂ ∂ ∂ ∂
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3.4.2. Expenditure shares 
From equation (13), the share of income an individual spends on Northern products  
( ) ( )
* * * *
* * * * * * * *
( ) ( ) ( )
1( ) ( ) ( ) ( )z z
p z w a z r b z
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where 
* * * *
* * * *
( ) ( ) ( )
( ) ( ) ( )
z z zp z w a z r b z





The expenditure share )(za is bounded by quality range ],[ maxzz
+   in the South.  
Given that p (z) is convex in z, and assuming that first derivative effect dominates the 




 decreases in z and )(za increases in z. 
The intuition is as follows.  Given everything else, a typical Southern consumer 
prefers higher quality differentiated product and spends a larger share of his/her income 
on it. The upper bound of the share is )( maxza , which is less than 1.  Similarly, the 
expenditure share )(za  for a typical Northern consumer has an upper bound )( *maxza .  
     From equation (13a), the share of income an individual spends on Southern 
differentiated products: 
( ) ( )
( ) ( , ) ( )
1( , ) ( ) ( , ) ( )z z
p z a z T rb z















                                       (23) 
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where ( ) ( , ) ( )
( ) ( , ) ( )
z z zp z a z T rb z





It follows that the upper bound for the income share that a typical northern 
consumer spends on Southern product is )( −zβ and the lower bound is )( *minzβ . 
The expenditure share on the homogenous product for Northern consumers who 
purchase Northern-produced differentiated product is1 ( )zα− , where *max[ , ]z z z
+∈ .  The 
expenditure share on the homogenous product for Northern consumers who purchase 
Southern-produced differentiated product is1 ( )zβ− , where *min[ , ]z z z
−∈ . 
3.4.3. Volumes and shares oftrade  
Since trade is balanced, and the North only exports the differentiated product, while 
the South exports the differentiated product as well as the homogenous product, the 
volume of trade can be defined as twice the exports of the North.  That is 
1
2( ) ( ) ( )
d
hh h
VT L rK z f h dhα
=
= + ∫                                                                   (24) 
The trade volume can also be defined as twice the exports of the South 
( )*1* * * *2( ) 1 ( ) ( )
d
hh h
VT w L rK z f h dhα
=
= + − ∫                                                                           (24a) 
The volume of intra-industry trade is defined as twice the minimum of differentiated 
product exports by the two countries, which is twice the differentiated product exports by 
the South 
*
* * * *
0
2( ) ( ) ( )d
h
hh
IIT w L rK z f h dhβ
=
= + ∫                                                              (25) 
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= =
 + − − 
 ∫ ∫                               
 (26) 
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                                                          (27) 
The expression indicates that the share of intra-industry trade depends on the relative 
importance of the northern expenditure shares on southern produced differentiated 
product and the homogenous product.  An important implication is that what matters is 
the distribution of income classes, instead of total income.  
3.5. Comparative statics 
The total expenditure on Northern differentiated product equals the total income of 
northern workers, thus we have the following equation 
*
1 1* * * * * * * * *( ) ( ) ( ) ( ) ( ) ( )
d d
h hh h h h
L rK z f h dh w L r K z f h dh w L r Kα α
= =
+ + + = +∫ ∫  
Rearrange terms, we have the following 
*
1 1* * * * *( ) ( ) ( ) ( )(1 ( ) ( ) )
d d
h hh h h h
L rK z f h dh w L r K z f h dhα α
= =
+ = + −∫ ∫         (28) 
Recall that equation (17) and (19) also must hold in the equilibrium, we have a 
system of equations for four unknowns: * *, , ,d d dI w h h : 
*( , )d dI I w T=                                                                                           (17) 
* * * * * *
* * *
( )( ) ( )( )




f h L rK f h w L r KI
Nn h N n h
+ +
= =                                              (19) 
*
1 1* * * * *( ) ( ) ( ) ( )(1 ( ) ( ) )
d d
h hh h h h
L rK z f h dh w L r K z f h dhα α
= =
+ = + −∫ ∫            (28) 
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We further define that 
1
( ) ( )
d
hh h
A z f h dhα
=
= ∫  and *
1* *( ) ( )
d
hh h
A z f h dhα
=
= ∫ for the 
convenience of description.  They are the total southern expenditure share and the total 
northern expenditure share on Northern differentiated product.  
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where ε  and *ε are partial derivatives of dI  with respect to dh  and 
*
dh , and have positive 
signs.11  
The determinants of the coefficient matrix is the following 
*
* *
* * * * * * * *
* * * *(1 ) ( ) ( ) ( ) ( ) ( ) ( ) ( ( ))d d
d d
h h
I If LA L L rK z f w L rK z f
w N n w
εε α ε α ε∂ ∂′′∆ = − − + − + − +
∂ ∂
 








, it follows that 0∆ > , given that * 0f ′ < .  We 
are now ready to study comparative statics caused by exogenous shifts.  
                                                 
11 Please see the appendix 3 for detailed explanations. 
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IV. FDI and Product Quality Upgrading 
In this section, the effects of FDI on product quality upgrading in the South and the 
share of North-South IIT are considered.  In a two-country world, the South receives FDI 
from the North and allocates the whole amount of FDI into imitation activities. That is 
* 0TdK dK dK= = − > .  
This shift of resources has effects on the equilibrium system. By Cramer’s rule, we 
can solve for changes on relative wage in North, dividing incomes classes in both country 
and the dividing income level.12 
**
0, 0, 0 0, 0 0d d d d d
T T T T T T
h I I h hw or or
K K K K K K
∂ ∂ ∂ ∂ ∂∂
< > > < > <
∂ ∂ ∂ ∂ ∂ ∂
 
We only can decide the signs for the relative wage in the North and dividing income 
class in the North.  The flow of FDI from the North to the South promotes labor 
efficiency in the South, which reduces relative wage in the North. The fall of relative 
wage in the North tends to shift the North’s comparative advantage in producing lower 
quality product.  The improved labor efficiency in the South, on the other hand, expands 
the South’s comparative advantage in producing higher quality differentiated product.  
Based on the same assumption we used in determining the sign of the determinant in the 
equilibrium system, the dividing income class in the North is expected to rise.  
The sign on the dividing income class in the South is indeterminate.  On the one 
hand, a higher income tends to lower the dividing income class.  On the other hand, 
higher labor efficiency tends to raise the dividing income class.  Overall the net effect is 
indeterminate.  As for the dividing income level, in the North, the total income falls and 
                                                 
12 See Appendix A 1.1 for detailed derivations. 
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the dividing income class rises.  In the South, the total income rises, but the dividing 
income class could either move upward or downward.  Overall, the sign of the change in 
the dividing income level is uncertain. 
 
Proposition 1  FDI in the South improves the quality of differentiated products exported 
by the South. 
 
Proof:   FDI inflow increases capital stock in the imitation activity in the South.  By 








Take derivative of z over T in equation (12a) 
1
1
( , ) ( , ) 0
( ( , ) ( )
T zT
z z zz zz
a z T a a z Tz





∂ + + +
 
Evaluating it at z z−= , the highest differentiated product quality exported by the South 














 .     
By proposition 1, the South expands its comparative advantage in intermediate 
qualities of the differentiated product, which were dominated by the North before.  The 
result lies in the fact that the market price of the differentiated product is determined by 
labor efficiency and the relative wage in the North.  As long as the fall in the labor input 
in producing the differentiated product dominates the fall in the relative wage in the 
North, the quality spectrum exported by the South will expand upward.  The condition is 
likely to hold because wage adjustment in the North is sluggish and incomplete.  Thus, 
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we have established a positive causal link between FDI and product quality upgrading in 
the South.  
We next examine the resulting effects on trade volumes and shares. 
 
Lemma 1. Total trade volume could increase or decrease with imitation activity in the 
South.  
 
Proof:  Rewrite equation (24a) as  
*
*
1* * * * *
0




VT w L rK f h dh z f h dhα
= =
 = + + − 
 ∫ ∫  
It is already shown above that *dh rises with T. When there is a rise in imitation 
activity in the South, the first item in the bracket increases unambiguously.  Given that 
the expenditure share on the homogenous product 1 ( )zα−  decreases in z and z rises with 
T, the second item in the bracket decreases unambiguously.  However, by property of 
















∫∫ .  Given that 

















∫∫  holds 
always.  However, because the relative wage and the capital stock in the North fall, the 
change in total income in the North is negative.  The net effect is thus ambiguous.          
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The reasoning for Lemma1 is given as follows.  When there is a rise in imitation 
activity, the dividing income class in the North rises. A larger portion of the income 
distribution in the North has been allocated to northern consumers who purchase the 
differentiated product from the South. Before, this part of income was distributed 
between northern-produced differentiated product and the homogenous product from the 
South. Now, this part of income is distributed between southern-produced differentiated 
product and the homogenous product from the South.  As the result, the change in the 
imported differentiated product from the South is positive.  However, the change in the 
imported homogenous product is uncertain because the total income in the North falls.    
Without any prior information, the volume of total trade could fall or rise. 
However, one thing we are certain is that the share of northern expenditure on 
imported goods rises unambiguously, and there is less portion of income spent on 
domestic consumption. 
 
Lemma 2.  The volume of intra-industry trade rises with imitation activity in the South.  
 
Proof:  Recall that in our model, each consumer demands one unit of the differentiated 
product.  As a direct implication, the volume of IIT is determined by the lowest quality 
and highest quality exported by the South, which is *
min ,z z
−   .  From proposition 1, we 







.  Recall that 










, and *minz  rises 
with *w .  As we have shown that the real relative wage in the North falls, the lower end 
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of quality of the differentiated product imported from the South falls also.  It follows that 
the quality range of the differentiated product expands towards both ends.  In the case 
that each consumer consumes one unit of the differentiated product, the volume of intra-
industry trade increases necessarily.  
 
The result in Lemma 2 stems from the fact that the quality range exported by the 
South expands.  As the total income in North falls, northern consumers in the lowest 
income bracket switch to demand the differentiated product with lower quality, such that 
the quality spectrum imported by the North move downwards.  On the other hand, 
product quality upgrading in the South attracts northern consumers in intermediate 
income class to consume southern produced intermediate quality differentiated product.  
Recall that a basic feature of our model is that each consumer is restricted to consume 
one unit of the differentiated product, the expansion of the quality exported by the South 
directly implies that the volume of North-South IIT rises necessarily.  That is, combining 
with proposition 2, we have established a positive causal link between FDI, product 
quality upgrading and the volume of North-South IIT. 
We have shown that both the volume of total trade and IIT rises unambiguously 
when FDI flow to imitation activities in the South.  At the same time, we are also 
interested in the change of the share of North-South IIT because it indicates the change in 
trade pattern.  The share of IIT in total trade is determined by the magnitudes of changes 
in total trade and IIT. 
 
 28
Proposition 2.  As FDI flows into imitation activities in the South, the change in the 
share of North-South IIT is ambiguous.  A sufficient condition for the share of IIT to 
increase is that, for northern consumers, the expenditure share on southern produced 
differentiated product is greater than the expenditure share on the homogenous product. 
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Then the change in the share of North-South IIT is the following: 
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The sign of the change in North-South IIT share depends on  
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which is the comparison of proportional change in the volume of IIT and total trade.  The 
first term is positive and second term is negative.  Without prior assumption about the 
magnitudes of the changes, the sign of the change in IIT is indeterminate. 




( ) ( ) (1 ( )) ( )d d
h h
h hh h
z f h dh z f h dhβ β
= =
> −∫ ∫ , then  







( ) ( ) ( ) ( )
1 ( ) ( )( ) ( )




h dh h dh
h hh h h h
h
hh h hh
z f h dh z f h dh













>0 always.13  
                                                 
13 See Appendix A 1.4 for detailed proof. 
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     It follows that the change in the share of North-South IIT is unambiguously positive 
under the assumption.  
 




( ) ( ) (1 ( )) ( )d d
h h
h hh h
z f h dh z f h dhβ β
= =
> −∫ ∫ .  
The fall in the expenditure share on northern differentiated product is shared by the rise 
in the expenditure share on southern produced product and the expenditure share on the 
homogenous product.  Given that ( )zβ is increasing in z, and 1 ( )zβ− is decreasing in z, 
it is thus reasonable to assume that the expenditure share on southern produced 
differentiated product rises more than proportionately than the expenditure share on the 
homogenous product. 
Proposition 2 says that when there is quality upgrading taking place in the South, 
southern produced intermediate quality differentiated product becomes cheaper, and 
Northern consumers turn to purchase them from the South.  Although the total income in 
the North affects the volumes of trade, only the expenditure shares on southern produced 
differentiated product and the homogenous product matter when it comes to the share of 
North-South IIT.  As long as the expenditure share on homogenous product rises less 
proportionately than that on southern produced intermediate quality differentiated 
product, the share of North-South IIT rises always. 
Our results suggest that FDI flow to imitation activities in the South changes the 
dividing income classes, dividing income level, and real relative wage in the new 
equilibrium.  Dividing income classes and dividing income level shifts change 
consumption pattern of the differentiated product, resulting in changes in trade 
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composition.  Specifically, The North imports more differentiated product from the South 
and consume less domestically produced differentiated product.  The South consumes 
more domestically produced differentiated product.  A necessary result is that the relative 
importance of the IIT is strengthened. 
Terms of trade move in favor of the South.  Southern consumers are unambiguously 
better off, because they enjoy a higher income and a wider product quality variety.  
Northern consumers can be better off or worse off.  On one hand, they pay less for the 
intermediate quality differentiated product; on the other hand, their total income falls.  As 
the result, their consumption of the homogenous product may rise or fall.  
The above results are obtained by modifying the existing Flam and Helpman (1987) 
quality based product cycle model.  The inclusion of capital as a factor and imitation 
activity enables one to link FDI with quality upgrading as well as the volume and share of 
North-South IIT.  Most importantly, imitation process in the South serves as a channel for 
FDI to affect quality upgrading and North-South IIT.  FDI promotes quality upgrading in 
the South because one determinant of product quality--labor efficiency--is positively 
correlated with FDI-driven imitation activity in the South.  There is a positive link 
between FDI and the volume of intra-industry trade, because quality upgrading taking 
place in the South leads to more southern produced differentiated product being exported 
to the North.  The positive link between FDI and the share of North-South IIT is 
established under some reasonable assumption.  As long as the total expenditure share on 
southern produced differentiated product is greater than the total expenditure share on the 
homogenous product, FDI inflow to imitation activities in the South contributes to a 
higher share of North-South IIT.  
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V. Widening Gap of Factor Endowment Difference 
In this section, we examine the scenario that the difference between factor 
endowments for the two countries becomes more significant.  Specifically, we consider 
the case that there is no change in South’s capital stock as well as capital allocation, and 
the North becomes more capital abundant because of a new discovery of capital stock.  In 
this case, the factor endowment gap becomes more evident.  That is * 0dK > .  
Such a change has consequences on variables in equilibrium.  From comparative 
statics, we are able to determine the signs of the changes of the dividing income level, the 
real relative wage, and the dividing income classes as follows:14 
* **
* * * * *0, 0, 0, 0
d d d dI h h hw or
K K K K K
∂ ∂ ∂ ∂∂
> > > > <
∂ ∂ ∂ ∂ ∂
 
The explanation is that the discovery of new capital raises the return to labor such 
that the real wage of northern workers rises.  Consequently, the North loses comparative 
advantage in producing intermediate quality differentiated product to the South, and 
Southern consumers in the intermediate income bracket turn to purchase southern 
produced differentiated product.  It follows that the dividing income class and dividing 
income level in the South must rise.  In the North, there are two opposite effects on the 
dividing income class in the North.  On one hand, the increase in real income in the North 
allows intermediate consumers turn to purchase higher quality differentiated product 
from the North, thus decreases the dividing income class.  On the other hand, the rise in 
the real relative wage causes the North to lose its comparative advantage in producing the 
intermediate qualities of the differentiated product, which tends to raise the dividing 
                                                 
14 See Appendix A 1.2 for detailed derivations. 
 32










Before we look into the resulting changes in trade volumes, we need to examine its 
effect on comparative advantage pattern. 
 
Proposition 3.  A widening gap of factor endowment between the North and the South 
expands the South’s comparative advantage into intermediate quality differentiated 
product, which was dominated by the North before. 
 
Proof:  Recall that the market price for the differentiated product is determined by 
* * *( ) min ( , ) ( ), ( ) ( )p z a z T rb z w a z rb z = + + %  and there exists a break-even point z such 
that * *( , ) ( )a z T w a z= .  As the relative real wage in the North rises, the break-even point 
shifts upward, and the South gains comparative advantage into intermediate quality 
differentiated product.  
 
The intuition for proposition 4 is that the market prices of the differentiated product 
for various qualities are determined by real relative wage of the North and production 
efficiencies between countries.  All else constant, a rise in the real relative wage in the 
                                                 
15 Mathematically, this means that we impose the condition that 
*
* * *
* * ( )
f r R z f
N n
α ε′  dominates 
( )* *1 A rε− . See Appendix A 1.3 
 for detailed derivations. 
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North necessarily raises its supply price of the differentiated produce over various 
qualities, and it loses comparative advantage in intermediate quality differentiated 
product as the result.  
The effect on the volume of total trade is straightforward.  In the world of balanced 
trade, the total trade can be defined as the volume of differentiated product imported from 
the North. As the dividing income class in the South rises, the South imports less 
differentiated product from the North, and the volume of total trade falls necessarily. 
 
Lemma3. The volume of total trade falls as the capital endowment gap enlarges. 
 
 
Proof:  Recall that ( )rKLhfzVT
dhh h
+= ∑ = )()(
1 α , as the dividing income class in the 
South rises, it is necessary that the volume of total trade would fall.  
 
The underlying reason for Lemma3 is that the South extends its comparative 
advantage into the intermediate qualities of the differentiated product due to the rise of 
the real relative wage in the North.  Given that there is no change in the South’s total 
income and income distribution, southern consumers in the intermediate income bracket 
would turn to purchase the differentiated product domestically.  Furthermore, there is no 
change in the highest quality demanded by southern consumers.  The shortening of the 
quality spectrum exported by the North directly causes the volume of total trade to fall.  
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Lemma 4. The effect of a widening endowment gap on the volume of North-South IIT is 
positive if the dividing income class in the North rises as the result of a widening 
endowment gap. 
 
Proof:  From 
*
* * * *
0
2( ) ( ) ( )d
h
hh
IIT w L rK z f h dhβ
=
= + ∫ , we know that  
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Since the dividing income class in the North *dh  rises by assumption, the sign of the first 
term is positive.  Furthermore, due to the fact that * *0, 0dw dK> > , the sign of the 
second term is positive.  Together, the sign of the change in IIT is unambiguously 
positive.  That is, the volume of IIT rises.  
  
The implication of Lemma 4 is of particular interest to our purpose. We find that 
the widening of endowment gap reduces the volume of total trade, but is likely to raise 
the volume of intra-industry trade.  The implication is that the volume of inter-industry 
trade must fall more proportionately than the volume of total trade does. 
Previous study like Falvey and Hierzkowski (1987) has suggested that a wider 
capital endowment difference can possibly lead to increased volumes of total trade and 
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inter-industry trade, but a reduced volume of intra-industry trade in a North-South 
vertical differentiation model.  Their results are distinctively different from ours.  This is 
so because their model adopted different assumptions from our model.  Falvey and 
Hierzkowski assumed that quality ranges produced by the two countries are constant, 
thus no quality upgrading taking place in the South.  A wider capital endowment 
difference reduces the overlapping quality range, which in turn reduces the volume of 
intra-industry trade.  Also because a wider capital endowment difference results in a 
higher capital return in the South, the South demands more high quality differentiated 
product from the North due to the rise in their real income.  
Our model ignored the income effect associated with capital return because we 
imposed the assumption that the rate of capital return is equal for both countries.  Most 
importantly, quality ranges produced by the two countries are not constant in our model.  
As quality upgrading takes place in the South, the overlapping quality range between 
southern producers and northern consumers would not necessarily fall. Under some 
conditions, we can expect a rise in the volume of intra-industry trade.  At the same time, 
quality upgrading in the South also allows southern consumers to demand a wider quality 
range of domestically produced differentiated product, which reduces the dependency on 
the North, and consequently the volume of total trade. 
Let’s consider a reversed situation, in which the endowment gap narrows due to FDI 
flow from the North to the South’s production instead of imitation activities. The fall in 
the real relative wage in the North would reduce the quality range imported from the 
South, thus reduce the volume of intra-industry trade.  The volume of total trade rises 
because the South now demands a wider quality range of the differentiated product from 
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the North.  Compare to the results in the previous section, we have shown that, if FDI 
flows to imitation activities in the South, quality upgrading in the South would make it 
possible for the volume and the share of intra-industry trade to rise.  Resource allocation 
in the South thus has particular importance in shaping trade pattern. 
 
Proposition 5. The effect of a widening gap of factor endowment on the share of North-
South IIT is unambiguously positive if the dividing income class in the North rises as the 
factor endowment gap widens.  
 
Proof:  The result is directly from proposition 4 and Lemma3.  
 
Northern consumers are better off because they enjoy both a higher income and 
wider quality range of the differentiated product, as they consume more imported and 
domestically produced differentiated product. Southern consumers are also better off 
because they now are able to enjoy cheaper southern produced differentiated product of 
intermediate quality.  Nonetheless, southern consumers reduce the demand for northern 




This essay examines the theoretical relationship between quality upgrading in the 
South and North-South IIT, with a special attention given to the role of FDI in product 
quality upgrading.  The derivations are carried out in a modified Flam and Helpman 
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(1987) quality-based product cycle model.  We looked into the case when FDI is 
allocated to imitation activities in the South and the case that the capital endowment gap 
widens. 
It is shown that there is a strong link between FDI and product quality upgrading in 
the South.  The rationale is that FDI inflow allocates more resources to imitation 
activities, which reduce labor cost in the South and expand the quality spectrum of its 
exports.  It is further shown that there exists a positive link between FDI and the share of 
intra-industry trade if the northern expenditure on southern produced differentiated 
product is greater than the northern expenditure share on the homogenous product. This 
study thus provides a new angle to explain the observed phenomenon that FDI, quality 
upgrading and North-South IIT move upward together in some developing countries. 
We also show that a widen capital endowment gap does not necessarily lead to a 
fall in the volume and share of intra-industry trade if quality upgrading is presented.  In 
the case that quality upgrading is strong enough, the volume and share of North-South 
IIT may rise.  The practical implication is that for a southern country whose capital stock 
does not increase as faster as northern countries, quality upgrading may be an effective 
way to change its trade composition, in which supposedly intra-industry trade would 
involve less adjustment than inter-industry trade.   
It is common for developing economies to apply policies that encourage FDI inflow 
and export growth.  Such policies were applied in Newly Industrialized Economies like 
Korea, Taiwan, Singapore and Hong Kong before.  Nowadays, other economies like 
China and Vietnam are applying similar policies.  This study shows that, if FDI inflows 
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to labor-cost-saving activities, both quality upgrading and growth of the share of intra-
industry trade are likely to take place. 
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A 1.1.  Comparative statics when FDI flows to imitation activities in the South: 
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A 1. 2. Comparative statics when the capital endowment gap widens 
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A 1.3. Partial derivatives of the dividing income level over the dividing income classes: 
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A 1.4. The sufficient condition for the share of IIT to rise in proposition 3:       
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We can rewrite the right hand side as the following 
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For the inequality to hold true, it follows that 
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A STUDY ON THE US INTRA-INDUSTRY TRADE:  






















In the 1960s, researchers noticed that an increasing amount of trade among 
developed countries had taken place in products that are in the same industry, and such a 
phenomenon is called intra-industry trade (IIT) as opposed to inter-industry trade (IT).16  
Since then, IIT has become more significant in both the North-North trade and North-
South trade.  A large volume of literature has been devoted to studying IIT; generally this 
literature can be categorized as theoretical studies and empirical studies.  Theoretical 
studies seek explanations for the existence and development of IIT.  Empirical studies 
mainly focus on determinants of IIT, with a relatively small amount of literature on 
aggregation and measurement issues of IIT.  This study belongs to the second category. 
Empirical studies on IIT are deeply affected by the development in theoretical 
studies.  Early theoretical studies developed a “new” trade theory to explain IIT by 
horizontal product differentiation, scale economies and imperfect competition. 17 
Empirical studies often test industry-specific factors such as product differentiation and 
scale economies, and/or country-specific factors such as income similarity and country 
size as determinants of IIT.  More recent theoretical studies complement the “new” trade 
theory by explaining IIT in quality-differentiated products (vertical product 
differentiation) by modifying traditional comparative advantage theory.  Some empirical 
studies are interested in testing which model explains data better.  Some separate IIT into 
horizontal IIT and vertical IIT, and examine their determinants separately. 
Three issues arise from previous studies that we wish to explore.  
                                                 
16 See Linder (1961), Balassa (1966), and Grubel (1967) for details in discussion. 
17 Horizontal product differentiation refers to similar products differentiated by characteristics other than quality. 
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First of all, although the vertical differentiation model suggests that the IIT pattern 
of a country is largely affected by the quality spectrum of the differentiated product, in 
which the country has comparative advantage, the role of quality upgrading has not been 
explicitly studied in literature.18  In addition, the observed concurrence of FDI and quality 
upgrading in developing countries leads one to wonder if there is a causal link between 
FDI and quality upgrading.  Most interestingly, does quality upgrading serve as a channel 
for FDI to affect IIT?19  Previous studies, though often including FDI as a determinant, 
have not taken the possible compounding effect of FDI into consideration.  As the result, 
potential important determinants have not received adequate attention.   
Second of all, the majority of empirical studies are on IIT of industrial countries.  
However, compared to studies on European countries, empirical studies on US IIT have 
been relatively few, unparallel to the significance of the US trade in the world.  Among 
them, Balassa (1986) tests hypotheses proposed by the “new” trade theory only.  Clark 
and Stanley (1999, 2003) examine determinants of US multilateral North-South IIT and 
North-North IIT respectively.  However, unlike studies on other countries, in which the 
separation of horizontal IIT share (HIIT) and vertical IIT share (VIIT) has been widely 
used, no effort has been made to study US IIT based on the separation of HIIT and 
VIIT.20  As a consequence, we know relatively little about the composition of US IIT, or 
whether the determinants of HIIT and VIIT perform as predicted by theory.    
                                                 
18 Flam and Helpman (1987) develop a quality-based product cycle model to analyze trade pattern change, but 
the role of capital is ignored.  
19 Zhang (2003) modifies the Flam and Helpman quality-based product cycle model and establishes a positive 
causal link between FDI and product quality upgrading. 
20 HIIT takes place in product differentiated by characteristics other than quality; VIIT takes place in products 
differentiated by quality. 
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Finally, previous studies have been focused on determinants of IIT across countries 
and industries, and very few have investigated determinants of dynamic changes of IIT 
over time.21  Furthermore, in cross-country studies, product differentiation is often not 
considered because it is treated as an industry-specific factor and there is no appropriate 
measure at country level.  As the result, an important hypothesis cannot be tested in this 
kind of study. 
This essay intends to address the above three issues in a study on the US 
multilateral IIT.  We first investigate the determinants of US manufacturing industries’ 
IIT shares across countries, in which both industry-specific factors and country-specific 
factors are included.  We then aggregate US industrial IIT into country level and 
investigate determinants of their dynamic changes over time.  By doing so, this study 
presents innovations over previous studies in the following aspects.  First, we decompose 
US bilateral IIT into HIIT and VIIT, and present some meaningful information about US 
IIT pattern.  Second, we investigate determinants of static and dynamic IIT as suggested 
by theory, providing new evidence for theoretical predictions.  Finally, we include new 
variables as determinants of IIT.  Specifically, we include quality upgrading and FDI in 
the model and examine possible links between FDI, quality upgrading and IIT.  Also, we 
include a country-level measure for product differentiation as a new variable. 
Major findings of this essay include: 1) we identify the dominance of HIIT over 
VIIT at industrial level and the dominance of VIIT over HIIT at country level for US 
multilateral IIT, 2) we find that the newly included variables contribute to explain IIT, 
                                                 
21 Stone and Lee (1995) is a rare one that studies determinants of dynamic changes of IIT for 70 countries. 
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and 3) we find evidence for both the “new” trade theory and vertical differentiation 
model. 
The essay is organized as follows. In the next part, the theoretical and empirical 
studies on IIT are reviewed.  In part III, we discuss aggregation and measurement issues 
involved in studies on IIT.  Part IV presents IIT patterns obtained from separation of 
HIIT and VIIT, with relevant discussions incorporated.  In part V, we discuss possible 
determinants of IIT, including country-specific factors and industry-specific factors.  In 
part VI, we propose estimation methods and provide data descriptions.  Empirical results 
and relevant discussions are presented in part VII, and the last part gives a conclusion of 
the study. 
 
II. Literature Review 
2.1. Theoretical studies 
Traditional trade theory explains causes of trade based on comparative advantages, 
which are determined by either technological difference or factor endowment difference 
between countries.  The 19th century Ricardian Model states that, given a single product 
factor and constant returns to scale, technological difference results in different autarky 
prices of goods, creating the potential for gains from trade.  It follows that Ricardian 
model predicts that trade pattern is determined by comparative advantage shaped by 
technology difference. 
The Hechscher-Ohlin model, which is the mainstream trade theory in the 20th 
century, states that if capital is allowed as the second factor of production, even when 
there is no technology difference between countries, national differences in factor 
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endowments are adequate to form specialization pattern and cause trade to occur.  The 
Heckscher-Ohlin model predicts that comparative advantage is determined by factor 
intensity and trade occurs between countries with factor endowment differences. 
In a world composed of developed countries (the North) and developing countries 
(the South), traditional comparative advantage theory thus predicts that the most of trade 
should take place between the North and South, because they are significantly different in 
terms of technology and factor endowment.  Specifically, trade should occur between 
industries characterized by different factor intensities.  
The predictions of traditional comparative advantage theory are challenged by the 
observed reality in the 1960s.  Since the 1960s, researchers have noticed that a substantial 
portion of world trade occurs between developed countries, which have income 
similarity.  Furthermore, trade between developed countries often overlaps within 
industries.  Grubel and Lloyd (1975), Balassa (1966) and Bergstrand (1983), to mention a 
few, identify that more then 50% of trade for OECD countries are of intra-industry in 
nature.  After accounting for factors such as trade liberalization and border trade, the 
large amount of intra-industry trade is still left unexplained by comparative advantage 
theory.  This fact contradicts with the predictions from traditional comparative advantage 
theory and calls for new developments in trade theory.   
Innovative studies were undertaken by Krugman (1979, 1980), Lancaster (1980) 
and Helpman (1981), in those studies the authors identify possible new sources for 
existence of intra-industry trade.  Their studies developed a theory in which incomplete 
competition, product differentiation and scale economies are the sources of intra-industry 
trade.  A typical argument goes as follows.  At the supply side, specialization in 
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differentiated products occurs because of scale economies and resource scarcity.  At the 
demand side, there is unlimited demand for variety of differentiated products at the 
aggregate level.22  It follows that, at the trade equilibrium, trade will be intra-industry in 
nature.  This theory is called “new” trade theory to emphasize its difference from 
traditional comparative advantage theory.  The “new” trade theory predicts that trade 
between countries with income similarity would be largely of intra-industry type.  
Later studies have pointed out that the “new” trade theory is only suitable to explain 
trade in horizontally differentiated products due to its specific assumption about 
consumer’s preference.  To explain trade in vertically differentiated products, Falvey 
(1981), Falvey and Kierzkowski (1987), and Flam and Helpman (1987) modify the 
traditional comparative advantage theory and yield the neo-classical model. Briefly 
speaking, in a 2x2x2 setting, quality of a differentiated good is linked with factor 
intensity or technology level.  One country has comparative advantage in producing high-
quality differentiated products, and the other has comparative advantage in producing 
low-quality differentiated products.  Given that demand for quality variety exists in both 
countries, trade in quality-differentiated products naturally takes place in the trade 
equilibrium.  The essence of neo-classical model is that quality of differentiated products 
is linked with factor intensity or technology level, such that specialization in quality- 
differentiated products is based on comparative advantage in a manner parallel to 
traditional trade theory.  One important prediction from neo-classical model is that IIT 
with vertical differentiation can take place between countries with considerable factor 
                                                 
22 Demand for variety at aggregate level is generated by “love of variety” approach or “favorite variety” approach, 
as summarized in Helpman and Krugman (1985). 
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endowment difference.  Another type of model explains vertical differentiation by an 
oligopoly model, in which product quality is associated with R&D, and scale economies 
lead to specialization.23 
The horizontal differentiation model and vertical differentiation model are not 
contradictory; instead, they explain different types of intra-industry trade.  However, they 
do have different positive and normative implications.  On the positive side, the effect of 
factor endowment difference on IIT is different according to predictions of the two 
models.  On the normative side, the adjustment cost associated with vertical IIT is 
expected to be larger than that of horizontal IIT, implying that “smooth adjustment 
hypothesis” may not be as significant as expected when vertical IIT is present. 
Indeed, because of the different welfare implications, a large amount of empirical 
studies on IIT has been devoted to examining the determinants of intra-industry trade. 
2.2. Empirical studies on determinants of IIT 
Early empirical studies are inspired by the “new” trade theory and set forth to 
investigate product differentiation, scale economies and income similarity, along with 
other country/industry-specific factors, as determinants of intra-industry trade.  Since the 
introduction of the neo-classical model, it became clear that there are two types of IIT: 
HIIT and VIIT.  More empirical studies have made efforts to separate HIIT and VIIT and 
investigate their determinants accordingly.  
In general, early studies have included country-specific and/or industry-specific 
determinants.  Industry-specific determinants include product differentiation, scale 
economies, offshore assembly provisions, export concentration ratio as well as 
                                                 
23 See Shaked and Sutton (1984) for more details. 
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aggregation degree.  Country-specific factors explain IIT through macroeconomic 
variables in each country, such as differences in per capita income, country size, 
capita/labor ratios, and foreign direct investment (FDI), etc.  
Studies like Loertscher and Wolter (1980), Bergstrand (1983), Balassa (1986), 
Laird (1981) and Lee (1987) test country-specific factors as determinants of IIT.  
Regardless of differences in samples, levels of aggregation, and estimation methods, a 
common conclusion is that similarity in income levels and the stages of industrialization 
appear to contribute to IIT. 
Studies like Caves (1981), Farrell (1991), Clark (1993), Balassa (1986a), and 
Bergstrand (1983) test industry-specific determinants of IIT.  Their findings support that 
product differentiation contributes to IIT, which is consistent with predictions from 
horizontal differentiation models.  However, though horizontal differentiation models 
state that the existence of scale economies is necessary for IIT to occur, empirical studies 
often find negative or insignificant effect of the intensity of scale economies on IIT. 
After vertical differentiation models were introduced and developed by Falvey 
(1981), Falvey and Kierskowski (1987) and Flam and Helpman (1987), empirical studies 
have been done to see which model explains IIT better.  Balance et al. (1992) and 
Tharakan and Kerstens (1995) are two empirical studies that test whether North-South 
IIT is of vertical or horizontal nature.  Tharakan and Kerstens test two sets of 
specifications proposed by two kinds of models, finding that the horizontal differentiation 
model explains IIT in toy industry better.  In their study, the demand aspect is captured 
by similarities in income distribution within countries.  Balance et al. (1994) use per 
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capita income similarities to capture demand effect and find that North-South IIT is of a 
vertical nature at both cross-sectional and industry levels.  
Gullstrand (2002) includes both income distribution between and within countries 
and finds evidence for vertical differentiation model for Spain’s IIT.  Torstensson (1991) 
gives evidence that quality of exports (proxied by unit value) is positively correlated with 
factor endowments. 
However, though theory suggests that HIIT and VIIT have different determinants, 
they are not treated separately in the studies mentioned above.  Using an aggregate IIT 
index, which combines HIIT and VIIT together, tends to obscure the true underlying 
relationships.24   
Greenaway, Hine and Milner (1994) are the first ones to separate IIT into HIIT and 
VIIT and examine their determinants accordingly.  There are two interesting findings in 
their study.  First, they find that a large part of IIT is caused by vertical rather than 
horizontal product differentiation.  Second, by regressing HIIT and VIIT on country-
specific factors, they find that the hypotheses proposed by vertical differentiation model 
are not supported.  Specifically, factor endowment difference affects VIIT negatively.  
One needs to note that their studies are about IIT in UK, which is mainly North-North 
IIT. 
Separation of HIIT and VIIT became popular after Greenaway et al. (1994) study.  
Studies like Murshed (2001), Hu and Ma (1999), Blanes and Martin (2000), and Kim and 
Choi (2001) have shown that VIIT dominates HIIT for East Asia countries, Spain, China, 
and Korea.  The last three study country-specific and industry-specific determinants of 
                                                 
24 See Greenaway et. al (1994) for discussions. 
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HIIT and VIIT.  In general, these empirical studies yield evidence that is consistent with 
predictions from both the horizontal differentiation model and the vertical differentiation 
model.  
Of the bulk of empirical studies, only a few studies deal with the determinants of 
IIT of the US, surprisingly.  The US takes the largest share of world’s trade, and its top 
trading partners include both developed countries like Canada and Japan and developing 
countries like Mexico and China.  A study on US IIT is of interest because it captures 
variations from both North-North IIT and North-South IIT. 
A notable early study by Balassa in 1986 tests industry-specific factors and country-
specific factors of US multilateral IIT, but focuses on the hypotheses proposed by 
horizontal differentiation model only.  Clark and Stanley (1999, 2003) are the most recent 
studies on the determinants of US IIT.  The former one studies IIT between the US and 
30 largest developing countries and the latter one studies IIT between the US and 
developed countries.  Their studies identify the importance of vertical product 
differentiation for North-South IIT and the importance of factors suggested by the “new” 
trade theory for North-North IIT, except that North-North IIT share rose as the 
capital/labor ratio diverged.  However, in previous studies on US IIT, there has been no 
effort to separate HIIT and VIIT. 
US trade with developing countries has experienced a considerable growth for the 
last two decades, especially with some East Asian economies like Korea and China.  It is 
widely noticed that quality of exports from those economies has been upgrading over 
time, and that those economies have received significant FDI inflow over time.  Although 
Markusen (1984), Helpman (1984) and Motta (1994) show that there is a positive 
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relationship between FDI and IIT, the mechanisms for FDI to affect IIT are not clear. It 
also has been proposed by Zhang (2003) that quality upgrading may be an important 
channel for FDI to affect IIT positively.  However, existing literature has not included 
measures to capture the effect of quality upgrading on IIT, leaving out a possible 
important determinant.  
Furthermore, previous studies have been focused on the determinants of IIT across 
countries and industries, and very few have investigated the determinants of dynamic 
changes of IIT over time.  Stone and Lee’s study in 1995 is a rare one that conducts a 
panel data study for 70 countries over time.  In their study, the hypotheses suggested by 
the “new” trade theory are generally supported.  However, their study only includes 
country-specific factors such as income similarity, size differential, and geographical 
distance to explain variations in IIT.  An important determinant of IIT, product 
differentiation, is not considered because it is treated as an industry-specific factor and it 
is hard to find appropriate measures at the country level.  As the result, an important 
hypothesis cannot be tested.  The same issue also arises in the Greenaway et al. (1994) 
study on the UK IIT.  
This essay thus tries to extend the literature on IIT studies by addressing the three 
issues mentioned above.  
 
III. Aggregation and Measurements of Intra-Industry Trade 
3.1. Aggregation 
Ever since IIT was first observed and reported in Grubel and Lloyd (1975), there 
have been questions about the existence of true IIT (see Finger (1975), Lipsey (1976), 
 56
Rayment (1976, 1983)).  They generally view IIT as a statistical phenomenon, which 
occurs because trade data have been classified into groups of products that are 
heterogeneous.  IIT would disappear if the classification were fine enough.  However, 
empirical evidence suggests that though the share of IIT tends to fall as classification 
goes to a finer level, the existence of IIT is still quite robust.  Shumacher (1983) shows 
that IIT persists at 7-digit level of the German manufacturing industry classification. 
The definition of industry plays a central role in classification.  Lloyd (1999) 
reviews definitions of industry used in literature.  In his review, definitions of industry 
can be divided into two types: demand-based definition and supply-based definition.  The 
former views products with similar consumption characteristics as in the same industry.  
To define the boundaries of groups, product groups enter the utility function as the 
arguments of a weakly separable sub-utility function, as in Dixit and Stiglitz (1977).  
That is, products within an industry are more substitutable with each other than with 
products outside of the industry from consumers’ perspective.  The supply-based 
definition regards products in an industry as being produced using one common resource.  
For example, Falvey (1981) favors a grouping in terms of the set of commodities that can 
be produced using mobile labor and industry-specific capital.  In other words, inputs for 
products in the same industry are substitutable for producers.  Lloyd further concludes, 
“…Any industry or set of industries defined in one of these ways may be embedded in a 
multi-country general equilibrium model to yield meaningful IIT.  All that is required for 
IIT is that there is at least one suitably defined multi-product industry.”  In previous 
 57
studies, researchers have used SITC 3-digit to 5-digit classifications, or SIC 3-digit to 4-
digit classifications.25 
3.2. Measurement of IIT 
Since Grubel and Lloyd (1975) proposed an index as a measure of intra-industry 
trade, several measures on IIT have been developed.  The most widely used one in the 
literature is the Grubel-Lloyd index, which measures overlapping trade as the portion of 
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In a similar fashion, for a given home country, the share of intra-industry trade in 
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where for the home country, ijX  and ijM are exports to country j and imports from 
country j in industry i respectively.  The ijB  index varies between 0 and 1.  The closer it 
is to 1, the higher the share of intra-industry trade in the industry, with a value of 1 
indicating total intra-industry trade and a value of 0 indicating total inter-industry trade.  
                                                 
25 Balassa (1986, 1987), Clark and Stanley (1999,2003) use SIC 4-digit industry classification.   
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To measure the overall intra-industry trade share with country j, we need to sum ijB  
index over all industries.  To account for the possible heterogeneity among industries, we 

























, which measures the relative importance of industry i .  The 
number of industries in country j  is jn .  ijB equals 1 if and only if trade in all industries 
is totally intra-industry trade; ijB equals 0 if and only if all trade are inter-industry trade.  
Both of the above two cases are extreme scenarios, and it is most likely that ijB would be 
a fraction between 0 and 1. 
If a country’s trade is aggregated over all its trade partners, we can define a measure 
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where iX  and iM  are the country’s total exports and imports in industry i . 
Aquino (1978) shows that the G-L index would be biased downwards in the 
presence of trade imbalance and proposes a correction method to adjust the bias.  
Aquino’s adjustment measure assumes that there is an equiproportionate adjustment for 
all sub-industries, which is very restrictive.  Some authors conclude that because it is very 
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difficult to decide on the appropriate adjustment, it may be best not to make an 
adjustment.26  Quite a few studies, like Stone and Lee (1995) and Clark and Stanley 
(1999), adjust the downward bias by including trade imbalance as an explanatory 
variable.  
3.3. Separation of HIIT and VIIT 
Horizontal differentiation models and vertical differentiation models suggest that 
there are two types of IIT: Horizontal IIT (HIIT) and Vertical IIT (VIIT).  Since these 
two kinds of IIT, as implied by theory, are different in terms of adjustment costs and 
determinants, it is natural to require that empirical studies treat them separately.  
Currently, the method used most often in the literature is the relative unit value method 
proposed by Greenaway et al. (1994).  The vital assumption for their method is that 
quality of product is reflected in price of product or unit value.  For a certain arbitrary 
band, VIIT is defined as IIT whose relative unit value falls outside the band, and HIIT 
falls within the band. 
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i i iIIT HIIT VIIT= +                                                                              (3.6) 
 
                                                 
26 Greenaway and Milner (1981), and Kol (1988), for example. 
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iHIIT  is given by iIIT  where unit values of imports (
m
ikUV ) and exports (
x
ikUV ), for 
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α α< − > +                                                  (3.8) 
where α=.15 or .25. 
Studies using this method generally find that VIIT dominates HIIT, even for IIT 
between developed countries. 
Although the relative unit value method has its merits, it has some restrictions also.  
For example, one would argue that in the short run, relative unit values might be sticky, 
thus failing to reflect changes in product quality.  Furthermore, the band it uses to classify 
HIIT and VIIT is arbitrary.  Also, one would suspect relative unit values are sensitive to 
measurements of unit.27  A typical traded good is often measured in different 
measurements, which yields multiple unit-values for the same good.  Choosing unit value 
based on one measurement may lead to a biased representation of product quality. 
                                                 
27 Greenaway et al. (1994) are aware of these restrictions, but believe that the relative unit value method is a 
reasonable and trustworthy way to separate HIIT and VIIT. 
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Kandogan (2003) proposes a new method to separate HIIT from VIIT, which does 
not involve usages of unit values.  Within an industry, simultaneous exports and imports 
falling into the same product classification is treated as horizontal IIT, and trade between 
different products represents vertical IIT.  The critical assumption is that within a typical 
industry, factor intensities are similar for the same product classification, but vary 
between different differentiated products.  Kandogan’s method is illustrated as follows. 
       For the bilateral trade between the home country and country j , which has industries 
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Industry i has 1, 2...,i ik K=  products.
28  The share of horizontal intra-industry trade in 
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and at industry level 
 
                                                 









=∑                                                             (3.11) 
and 
















, which measures the relative importance of the product. 
At the aggregate level, the horizontal intra-industry trade share between the home 


























Recalling that the overall IIT between the home country and country j  is defined in 
equation 3.2, it follows that   
 
j j jVIIT B HIIT= −                                                                        (3.14) 
 
Corresponding to the case that trade is aggregated over all countries, the share of 
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We can weigh the importance of product k in industry i  to obtain a measure of 


























It follows that vertical intra-industry trade for industry i can be defined as the 
following: 
 
i i iVIIT B HIIT= −                                                                  (3.17) 
 
Kandogan’s method has some advantages since it does not depend on relative unit 
value, which only is a rough measure of product quality.  Furthermore, data on values of 





IV. The Pattern of US Intra-Industry Trade 
In this study, industries are defined by SIC 4-digit classification, following the 
practice in Balassa (1986), and Clark and Stanley (1999, 2003).  Products are defined 
according to HTS 10-digit classification, which is the finest classification available. 
4.1. Intra-industry trade pattern across manufacturing industries 
By SIC 4-digit classification, industries coded from 2011 to 3999 are manufacturing 
industries.  Total IIT shares for industries are calculated by equation 3.4, and we apply 
Kandogan’s method to decompose total IIT share into horizontal IIT share and vertical 
IIT share, according to formulas 3.15, 3.16 and 3.17.  That is, simultaneous exports and 
imports of same HTS 10-digit products within an SIC 4-digit industry are defined as 
horizontal IIT, and the rest of industrial IIT are considered as vertical IIT.  We first report 
the sample statistics of industrial IIT shares in Table 1. 
The sample statistics show that about 60% of manufacturing trade belongs to intra-
industry trade, on average.  And the share of intra-industry trade grows over time.  
Among them, the average HIIT is about three times larger than the average VIIT.  
Combining with the fact that HIIT is greater than VIIT for most of the manufacturing 
industries, the dominance of HIIT over VIIT at industrial level is evident. 
The sample statistics also indicate that intra-industry trade shares vary dramatically 
for industries, ranging from pure intra-industry trade, pure horizontal intra-industry trade 
or pure vertical intra-industry trade to virtually zero IIT.   To further picture the variation 
of IIT shares across industries, we report IIT shares for 40 industries, which have the 
largest trade values in 1997, in TABLE 2.  
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TABLE 1SAMPLE STATISTICS OF US IIT SHARES 
   1992     1997   
 TIIT HIIT VIIT TIIT HIIT VIIT 
N  376  376  376  361  361  361 
MEAN  59.70%  44.40%  15.30%  61.60%  46.70%  14.90% 
MAXIMUM  99.90%  99.80%  81.60%  99.90%  99.70%  93.50% 
MINIMUM  0.00%  0.00%  0.00%  0.00%  0.00%  0.00% 
STD DEV  28.90%  23.60%  18.10%  26.90%  24.20%  18.80% 
Note: US trade with the world.  In 1992, 324 out of 376 SIC 4-digit manufacturing industries have HIIT 


















TABLE 2THE US IIT PATTERN ACROSS 40 LARGEST INDUSTRIES, 1997 
 (TRADE WITH THE WORLD) 
SIC TIIT HIIT VIIT VALUE* SIC TIIT HIIT VIIT VALUE* 
3721 31.00% 16.20% 14.80% 3.01E+10  3494 94.50% 68.80% 25.70% 4.43E+09 
3711 79.40% 52.00% 27.30% 2.57E+10  3695 84.30% 37.90% 46.40% 4.29E+09 
3728 53.50% 53.50% 0.00% 1.81E+10  3679 87.00% 47.50% 39.60% 4.27E+09 
2821 57.10% 51.50% 5.60% 1.15E+10  3089 94.00% 63.50% 30.50% 4.26E+09 
2911 53.60% 39.30% 14.30% 1.12E+10  3585 64.60% 42.40% 22.20% 4.14E+09 
3357 90.00% 49.80% 40.20% 1.05E+10  3672 98.40% 82.70% 15.70% 4.08E+09 
3531 79.90% 53.50% 26.40% 1.00E+10  3569 72.80% 55.70% 17.20% 3.75E+09 
2621 92.60% 34.80% 57.80% 8.84E+09  2834 85.70% 51.10% 34.60% 3.64E+09 
2819 93.50% 52.10% 41.40% 8.39E+09  3825 52.50% 52.50% 0.00% 3.60E+09 
3714 78.70% 65.50% 13.30% 8.34E+09  3621 96.40% 44.80% 51.60% 3.50E+09 
3915 5.20% 4.30% 0.80% 8.10E+09  3823 80.20% 77.20% 3.00% 3.50E+09 
2869 46.30% 32.80% 13.50% 7.42E+09  3083 75.90% 0.00% 75.90% 3.26E+09 
3523 79.30% 44.40% 35.00% 6.51E+09  3312 73.50% 46.60% 26.90% 3.22E+09 
3861 75.60% 40.50% 35.10% 6.44E+09  2731 79.70% 60.70% 19.00% 3.18E+09 
2611 95.00% 81.00% 14.00% 5.26E+09  2075 3.20% 3.10% 0.10% 3.06E+09 
3339 78.50% 34.30% 44.30% 5.24E+09  3519 67.50% 35.80% 31.60% 3.01E+09 
3944 22.20% 19.30% 2.90% 4.97E+09  3541 41.30% 32.80% 8.50% 2.90E+09 
3533 7.00% 7.00% 0.00% 4.86E+09  2865 97.50% 64.70% 32.80% 2.85E+09 
3674 91.10% 42.90% 48.20% 4.58E+09  2833 95.90% 43.60% 52.30% 2.81E+09 
3841 64.90% 63.70% 1.30% 4.50E+09  3651 91.60% 74.10% 17.40% 2.79E+09 
Note: * total trade value in dollar
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We first observe that horizontal IIT dominates vertical IIT for 35 out of 40 
industries as reported in TABLE 2, which is consistent with the pattern we observed from 
the sample statistics of the data set.  The dominance of horizontal IIT over vertical IIT at 
industrial level suggests that most of US manufacturing IIT takes place in horizontally 
differentiated products.  One comparable study is carried out in Greenaway et al. (1995), 
in which industrial IIT pattern for UK is reported.  They used the relative unit-value 
method to separate HIIT and VIIT, and found that VIIT dominates HIIT if the 
15%± classification band is applied.  However, if the 25%± classification band is applied, 
the dominance of HIIT over VIIT is found.  Our results agree better with the results from 
the second classification band. 
Another observation is that IIT share varies for industries with large trade values.  
Some industries have IIT share higher than 0.95, almost purely intra-industry trade.  
Some industries have IIT shares close to 0, which are almost purely inter-industry trade.  
Most of industries have relatively high IIT shares, normally above 0.5.  This indicates the 
significance of intra-industry trade in US total trade.  This result is not surprising because 
US is the leading developed country in the world, and its trade is mostly conducted with 
developed countries, in which case IIT is likely to occur.    
4.2. Intra-industry trade across countries 
Aggregated IIT shares in US trade with its 60 trading partner countries, which have 
data for further studies later, have been calculated.  We first calculate bilateral IIT shares 
for the manufacturing industries defined as SIC 4-digit industries 2011 to 3999.  We then 
aggregate bilateral IIT shares into overall indices for bilateral trade with each country.  
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Again, horizontal IIT and vertical IIT are calculated by Kandogan’s method.  Industry-
level horizontal IIT and vertical IIT then are weighed by their importance and aggregated 
into overall indices for each country.  TABLE 3 reports intra-industry trade composition 
for the US. 
There are several observations we can draw from the results reported in TABLE 3.  
First, IIT indices vary significantly across countries, ranging from 0.16% for Azerbaijan 
to 62.45% for Canada.  A couple of countries (Moldova, Uganda, Burkina Faso, and 
Azerbaijan) have negligible shares of IIT (less than 1%).  Among the 60 countries, top 
trading partners of the US at Europe and North America generally have relatively high 
share of IIT.  This observation appears to confirm that developed countries tend to have 
higher share of IIT. 
Second, VIIT dominates HIIT almost uniformly (except for Sweden, Switzerland, 
and Azerbaijan).  This pattern is particularly evident for developing countries.  This 
observation is different from the dominance of HIIT we found for industrial IIT pattern, 
but consistent with Greenaway’s finding that vertical IIT dominates horizontal IIT for 
UK.  One possible reason for the difference between US cross-industry IIT pattern and 
US cross-country IIT pattern is that for the cross-country study, the country-level IIT 
shares are weighed aggregates of bilateral industry-level IIT shares.  It is possible that 
industries important at US aggregate level may not be important at the bilateral country 





TABLE 3 DECOMPOSITION OF THE US IIT 
 (IN PERCENTAGE OF TOTAL TRADE, 1997) 
Country TIIT HIIT VIIT Country TIIT HIIT VIIT 
Canada 62.45% 29.11% 33.34% Croatia 14.22% 1.37% 12.86% 
France 60.07% 26.46% 33.60% India 13.85% 2.20% 11.66% 
UK 59.64% 22.51% 37.13% Iceland 12.96% 2.32% 10.63% 
Mexico 54.15% 16.23% 37.93% Venezuela 12.72% 2% 10.72% 
Ireland 48.51% 8.72% 39.79% China 12.24% 5.12% 7.12% 
Germany 45.82% 20.50% 25.32% Slovenia 12.20% 1.82% 10.38% 
Singapore 40.70% 9.20% 31.49% Turkey 12.13% 1.38% 10.75% 
Netherlands 40.40% 10.81% 29.58% Indonesia 11.53% 2.20% 9.33% 
Denmark 39.75% 13.59% 26.16% South Africa 11.30% 1.37% 9.92% 
Malaysia 39.47% 4.89% 34.58% Bulgaria 10.51% 0.43% 10.08% 
Costa Rica 39.01% 4.91% 34.09% Greece 10.11% 2.85% 7.26% 
Italy 37.75% 14.86% 22.88% Romania 9.23% 0.56% 8.66% 
Sweden 37.37% 26.53% 10.85% Belarus 8.58% 0.09% 8.49% 
Israel 36.56% 8.77% 27.79% Estonia 8.19% 0.23% 7.96% 
Korea 34.43% 5.88% 28.55% Chile 8.17% 1.22% 6.96% 
Japan 34.19% 13.44% 20.74% Ecuadore 7.21% 0.62% 6.59% 
Spain 33.74% 9.52% 24.22% Russia 7.19% 1.54% 5.65% 
Belgium 32.88% 6.37% 26.50% Latvia 6.15% 0.01% 6.13% 
Austria 30.79% 6.41% 24.38% Mauritius 4.47% 1.12% 3.35% 
Thailand 29.17% 5.35% 23.81% Egypt 4.12% 0.16% 3.96% 
Switzerland 28.92% 17.32% 11.60% Tunisia 3.70% 0.57% 3.13% 
Finland 28.92% 7.80% 21.11% Bangladesh 1.93% 0% 1.93% 
Brazil 28.80% 5.82% 22.97% Senegal 1.75% 0.17% 1.58% 
Hungary 26.01% 3.76% 22.26% Kuwait 1.51% 0.12% 1.39% 
New Zealand 23.52% 4.69% 18.83% Kazakhstan 1.43% 0.67% 0.76% 
Czech  23.22% 3.33% 19.89% Moldova 1% 0.44% 0.57% 
Poland 19.09% 2.07% 17.02% Uganda 0.38% 0% 0.38% 
Australia 19.03% 5.23% 13.80% Burkina 0.30% 0% 0.30% 




The significant difference between cross-industry IIT pattern and cross-country 
pattern implies that the “Smooth Adjustment Hypothesis” needs to be interpreted with 
caution.  If the hypothesis holds true, the adjustment cost associated with industrial IIT  
changes would be relatively small, and the adjustment cost associated with bilateral IIT 
changes at country level would be relatively significant.   
The cross sectional distribution of IIT index across countries allows us to observe 
US multilateral IIT pattern at a certain time, but it cannot provide information about 
dynamic changes of the IIT pattern over time. Table 4 reports the top 20 countries with 
the largest magnitudes of IIT changes from 1989 to 1997, as well as changes in VIIT and 
HIIT. 
One can notice that countries having the largest increases in IIT share differ 
significantly from those having largest IIT shares.  Specifically, more than half of the top 
countries whose IIT shares increase fastest are developing countries.  This fact can serve 
as evidence that North-South IIT grows faster than the rest of North-South trade.  
Another noticeable feature is that the growth of vertical IIT share evidently dominates the 
growth of horizontal IIT share as shown in Table 4.   
 
V. Determinants of Intra-Industry Trade and Their Measurements 
In this part, we consider the possible country-specific factors and industry-specific 
factors that are expected to affect the extent of intra-industry trade suggested by different 




TABLE 4CHANGES IN THE US 
IIT, TOP 20 COUNTRIES, 1989-1997
Country ∆ΤΙΙT ∆VIIT ∆HIIT 
Indonesia 11.50% 10.00% 1.50% 
Spain 11.50% 10.40% 1.10% 
Croatia 10.80% 10.10% 0.80% 
Iceland 10.50% 9.40% 1.00% 
Finland 9.30% 7.40% 1.90% 
Korea 8.90% 11.60% -2.60%
Denmark 7.90% 5.20% 2.70% 
Japan 7.40% 8.30% -0.90%
Slovenia 7.20% 6.40% 0.80% 
Poland 6.20% 5.10% 1.10% 
Czech   6.00% 6.90% -0.90%
Estonia 5.60% 5.50% 0.10% 
Hungary 5.10% 3.60% 1.50% 
Australia 5.10% 4.40% 0.70% 
Ecuador 4.80% 4.50% 0.30% 
Belarus 4.20% 4.10% 0.00% 
Malaysia 4.00% 4.80% -0.80%
China 3.60% 1.20% 2.50% 
New Zealand 3.60% 1.10% 2.50% 












5.1. Country-specific factors 
Country-specific factors capturing income similarity/factor endowment difference, 
country size differential, and trade barriers have been included as determinants of IIT in 
the literature.  In addition to the variables identified by previous studies, in this study, we 
propose new country-specific factors to reflect influences of quality upgrading and FDI 
on IIT shares.  We discuss these country-specific factors more in detail as follows. 
5.1.1. Taste/Income inequality (DPGDP) 
Linder (1961) states that the similarities in income levels are associated with the 
similarities in demand structures between trading partners, providing basis for intra-
industry trade.  As the result, we expect that IIT shares be higher for countries of similar 
income levels.  Previous studies often include the absolute difference of per capita GDP 
as the measure of income inequality, which is followed in this study.29 
5.1.2. Factor endowment inequality (DKL) 
Factor endowment difference has been taken as an important determinant of IIT in 
both the horizontal and the vertical differentiation models.  The horizontal differentiation 
model predicts that factor endowment difference is negatively correlated with IIT.  The 
smaller is the factor endowment difference, the more likely for countries to specialize in 
horizontally differentiated products.  As the result, the effect of difference in factor 
endowment on HIIT should be negative. 
The vertical differentiation model predicts that factor endowment difference 
between two countries allows production specialization to occur, which results in more 
                                                 
29 Though Balassa (1986) and Stone and Lee (1993) proxy income inequality by per capita GDP, the 
majority of cross country studies use difference in per capita GDP/GNP to account for demand structure 
dissimilarity, which is more consistent with the theoretical foundation.  
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differentiated products and more IIT.  It follows that the share of vertical intra-industry 
trade should be negatively associated with factor endowment difference. 
It was common in previous studies to proxy factor endowment difference by per 
capita GDP difference.  As discussed in Blanes and Martin (2000), such a measure 
captures both the demand-side effect of income dissimilarity and the supply-side effect of 
factor endowment difference.  Clark and Stanley (2001) divide real gross fixed capital 
formation by labor and obtain a direct measure of capital-to-labor ratio. The inter-country 
absolute difference of capital-to-labor ratio then proxies factor endowment difference.  In 
this study, we follow Clark and Stanley’s practice. 
5.1.3. Country-level product differentiation (CPD)  
Although product differentiation has been treated traditionally as industry-specific, 
it is often measured as one of the US industry-specific factors.30  It would be of interest to 
include a country-level measure of product differentiation for US trading partners, such 
that it helps to account for changes of IIT shares across countries.  In this study, we take 
the average number of exported HTS 10-digit products across SIC 4-digit industries for 








= ∑                                                        (5.1) 
 
Where ijM  is the number of HTS 10-digit products in industry i for country j ’s 
exports to the US, and jN is the number of SIC 4-digit industries in country j . 
                                                 
30 Caves (1981), Balassa (1986) and Clark and Stanley (1999, 2003) for example. 
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Such a measure does not differentiate between horizontal product differentiation 
and vertical product differentiation, but it is reasonable to assume a rise in product 
differentiation could come from a rise in either kind of product differentiation or both.  
This measure is denoted as CPD and is expected to have a positive effect on both types of 
IIT shares. 
5.1.4. Economic size (GDP) 
Both the horizontal differentiation model and the vertical differentiation model 
suggest that the smaller the difference of country size, the more likely for IIT to occur.  
Helpman (1981) yields the result that the extent of intra-industry trade will be positively 
associated with the similarity of the sizes of trading partners.  Also, according to 
Lancaster (1980), a larger average country size allows more product variety to be 
produced under scale economies.  Following common practice in the literature, we 
measure country size by GDP.  Given that the US has the highest total GDP in the world, 
the higher is a trading partner’s GDP, the smaller is its size differential with the US, and 
the larger is the average country size for the two countries.  It follows that GDP of US 
trading partners is expected to have positive effects on both types of IIT. 
5.1.5. Quality upgrading (R&D)  
The role of quality upgrading in the horizontal differentiation model is not well 
defined because quality is not a factor to differentiate products by assumption.  In the 
vertical differentiation model, Flam and Helpman (1987) suggest that quality upgrading 
in the labor-abundant country contributes to IIT, as quality spectrum of specialization in 
the country shifts upward.  Therefore, the effect of quality upgrading on vertical IIT is 
expected to be positive.  Furthermore, Glass (1997) demonstrates that the quality-based 
 75
product cycle is likely to result in the South penetrating into high-quality differentiated 
product markets, which were dominated by developed countries before.  Therefore, 
quality upgrading is expected to have a positive effect on HIIT. 
Some studies measure product quality by unit values or changes of product prices.31  
This kind of measure is hard to disentangle between price changes and quantity changes.  
In this study, we use the research and development (R&D) share in total GDP as a 
measure of product quality upgrading, as Shaked and Sutton (1984) suggest that R&D 
expenditure is a good indicator of product quality.     
5.1.6. Foreign direct investment (FDI)  
The effect of FDI on intra-industry trade can be complementary or substituting, 
depending on the motive of investment.  If FDI flows to one country and takes advantage 
of scale economics, FDI contributes to IIT.  If the purpose of investment is to fragment 
the process of production by stage of production, FDI promotes inter-industry trade, 
instead of IIT.32  Some previous empirical studies have used industry-specific measures 
of FDI, such as the share of foreign capital in one sector (Blanes and Martin (2000)), and 
the extent of foreign investment activity in the US counterpart industry (Caves (1981), 
Balassa (1986)).  Cross-country studies like Hu and Ma (1999), Kim and Choi (2001), 
and Kandogan (2003) have used the amount of foreign direct investment received by 
each country as the measure of FDI, which is applied in this study.  
 
 
                                                 
31 Greenaway et. al. (1994), and Blanes and Martin (2000) for example. 
32 See detailed discussion about FDI, multinationals and trade in Markusen (1984). 
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5.1.7. Interaction between quality upgrading and FDI (INTERACTION)  
The link among IIT, FDI and quality upgrading has not been explicitly studied in 
literature.  In Zhang (2003), it is shown that quality upgrading is an important channel for 
FDI to affect IIT.  In short, FDI inflows allow the developing country to allocate more 
resources to quality upgrading activities, which in turn contribute to IIT growth.  An 
interaction term of quality upgrading and FDI is included to capture the possible channel 
effect of product quality upgrading (INTERACTION).  If the theoretical preposition is 
supported by the data, the sign of the interaction term should be positive. 
5.1.8. Geographical distance (DISTANCE)  
Geographical distance often is included and expected to have a negative effect on 
IIT in previous cross-country studies.  Originally, geographical distance was used as a 
proxy for physical transportation cost.  However, such an interpretation has become 
inappropriate since global integration and technology advances have segregated 
geographical distance from actual transportation cost.  It is argued in Balassa and Bauwen 
(1987) that geographical distance represents the availability and the cost of information 
necessary for trading differentiated products.  Clark and Stanley (1999) further state that 
friction caused by overcoming distance will reduce trade in closely substitutable non-
standardized products more proportionately than trade in standardized goods.  The effect 
of geographical distance on HIIT and VIIT thus is expected to be negative.  





5.1.9. Trade imbalance (TI)  
Aquino (1978) suggests that trade imbalance introduces downward bias for IIT.  
Following Stone and Lee (1995) and Clark and Stanley (1999), trade imbalance is 
included as an explanatory variable and is expected to have a negative sign for both types 










                                                                 (5.2) 
where jX  and jM  are exports and imports of the US to and from country j , and jTI  is 
the measure of US trade imbalance with country j.  
5.1.10. Trade orientation (TO)  
It is shown in Falvey (1981) that the level of IIT is negatively correlated with trade 
barriers.  The reason is that differentiated products tend to have closer substitutes than 
standardized products do.  A higher trade barrier thus reduces trade in differentiated 
products more proportionately than trade in standardized products.  We thus expect that 
the effect of trade orientation on both types of IIT is positive. 
Since it is difficult to obtain a direct measure of trade tariffs for some countries, 
researchers have widely used an indirect measure of trade orientation, which we follow.33  
Namely, trade orientation is measured by the deviation of the actual per capita trade from 
hypothesized per capita trade, which is generated from regressing per capita trade on per 
capita income and population.34 
                                                 
33 See Balassa (1986), Balassa and Bauwens (1987), Stone and Lee (1995), and Clark and Stanley (1999, 2003) 
for the usage. 
34 For presentation convenience, we scale the residual by 100.  
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α α α= + +                                                       (5.4) 
where ,j jT Y  and jP  are the values of total trade (the sum of exports and imports), GDP, 
and total population for country j , and jTO is the measure of trade orientation for 
country j. 
5.2. Industry-specific factors 
Previous empirical studies have included a series of industry-specific factors as 
determinants of intra-industry trade.  Among them, product differentiation and scale 
economies have been taken as the sources of intra-industry trade in monopolistic 
competition type of models.  Capital intensity is closely related to product differentiated 
by qualities in the vertical differentiation model.  Other variables reflecting 
market/industry structure are also been examined in previous studies.  These possible 
determinants are discussed more in details as follows. 
5.2.1. Product differentiation (HTSN and AS)  
Product differentiation has long been recognized as a basis for intra-industry trade 
to occur.  In both the horizontal differentiation model and the vertical differentiation 
model, products with differentiated characteristics accommodate consumers’ demand for 
variety, and thus promote gains from exchange.  It follows that industries with higher 
degrees of product differentiation tend to have higher IIT shares. 
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Measurement of product differentiation varies in literature.  For example, Hufbauer 
(1970) uses the coefficient of variation of export unit values as a measure of product 
differentiation.35  Other studies use different measures for horizontal product 
differentiation and vertical product differentiation.  For example, Greenaway et al. (1994, 
1995) use the number of subgroups in an industry as a proxy for horizontal product 
differentiation.  Clark and Stanley (1999) use the advertising-to-sales ratio as a measure 
of vertical product differentiation based on the rationale that the advertising-to-sales ratio 
reflects quality intensity in an industry.  In this study, the number of 10-digit HTS 
products within an US SIC 4-digit industry is included to measure the degree of product 
differentiation for the industry (HTSN), which is expected to capture both horizontal 
product differentiation and vertical product differentiation.  And the advertising-to-sales 
ratio at SIC 4-digit industry level is used to measure the industry vertical product 
differentiation (AS).  It is expected that HTSN has a positive effect on both types of IIT 
shares and AS affects VIIT positively. 
5.2.2. Scale economies (MES) 
In the horizontal differentiation model, although the existence of scale economies is 
necessary for IIT to occur as demonstrated in Krugman (1979) and Lancaster (1980), it is 
not obvious that the intensity of scale economies would affect the share of IIT positively.  
According to Balassa (1986), scale economies may take the form of horizontal and 
vertical specialization, and in both cases the number of products manufactured is likely to 
                                                 





i µ σ= , where ˆiσ and ˆiµ are the standard deviation and the average of the 
unit values of exports in industry i. 
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fall.  In the vertical differentiation model with oligopoly content (Shaked and Sutton 
(1984)), the role of scale economies would be ambiguous since scale economies promote 
efficiency and raise barriers for entry at the same time. 
Helpman (1999) surveys the literature and concludes that the intensity of scale 
economies does not necessarily contribute to the rise in the share of IIT.  Tybout (1993) 
also concludes that the gain in efficiency from scale economies cannot be described as 
significant.  As the result, the sign of scale economies on IIT shares is expected to be 
ambiguous. 
Measurement of industry-specific scale economies usually takes the form of 
minimum efficient scale accounted for cost disadvantage, as initiated by Caves (1981) 
and Balassa (1986).  Following their practice, we define US industry-level minimum 
efficient scale as the average sales per firm for firms in the midpoint class size (defined 
by product shipments), as a percent of 1992 shipment values (MES), as in Clark and 
Stanley (1999). 
5.2.3. Capital intensity (INTENSITY) 
In the horizontal differentiation model, capital to labor ratio (capital intensity) at 
industry level either is ignored or assumed to be homogenous across countries. 36  The 
nature of the horizontal differentiation model requires that capital intensity for industries 
be similar for different countries, in order to produce horizontally differentiated products.  
It thus is expected that a diverging capital intensity for industries between countries tends 
to reduce the basis for horizontal IIT.  Considering the fact that the US is relatively more 
                                                 
36 Krugman (1979) only considers labor as the only factor of production.  Helpman (1981) considers factor 
proportions at country level, and assumes factor intensity for a industry is the same across countries. 
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capital abundant than most of the countries in our data sample, a US industry with a 
higher capital intensity is less likely to have foreign counterpart industries with similar 
capital intensity.  We thus expect US industry capital intensity has a negative effect on 
the share of HIIT. 
In the vertical differentiation model, the quality of the differentiated product in an 
industry is related to the industry’s capital intensity.  Different capital intensities for the 
same industry across countries allow countries to specialize in the differentiated product 
with different quality ranges, which broadens the basis for vertical IIT.  As discussed 
before, a US industry with high capital intensity tends to have a more labor-intensive 
counterpart industry in foreign countries than other US industries with low capital 
intensities do.  We thus expect that the effect of capital intensity on the share of vertical 
IIT is positive.  
Ideally, capital intensity should be measured by industrial capital-to-labor ratio.  
Since industrial capital stock is not available, we use industrial total assets as a proxy.37  
The US capital intensity is defined as the ratio of industrial total assets over industrial 
employment at SIC 4-digit classification. 
5.2.4. Industry Concentration (CR4)  
Early studies have recognized that product standardization reduces the number of 
differentiated products, and thus reduces the basis for intra-industry trade.  Balassa (1986) 
argues that product standardization is related to the extent of industrial concentration and 
hypothesizes that intra-industry trade will be negatively associated with industry 
                                                 
37  Data on industrial capital formation typically is not available. Industrial total assets are defined as a 
combination of tangible assets like land and buildings and intangible assets such as patents and know-hows.   
Industrial total assets are a valid indicator of industrial capital stock, since capital stock likely relates to 
land and intellectual capital positively.     
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concentration.  It follows that the effect of industry concentration on both types of IIT is 
expected to be negative. 
Following Clark and Stanley (1999), we use the percent of 1992 shipment values 
accounted for by the four largest firms in a US SIC 4-digit industry as the measure of 
industry concentration (CR4) in this study. 
5.2.5. Categorical aggregation (VS) 
Previous studies on intra-industry trade have established a fact that the existence of 
IIT is robust for different levels of aggregation, but the share of IIT does tend to fall as 
classification goes to a finer level.  As an implication, the more products aggregated in an 
industry, the more likely for a higher share of IIT to exist.  Categorical aggregation thus 
is expected to have a positive effect on both types of IIT. 
Following previous studies like Marvel and Ray (1987), and Clark and Stanley 
(1999), we include the value of the US industry shipments as a proxy for US industry 
categorical aggregation (VS). 
 
VI. Model Specification, Estimation Procedures and Data Description 
6.1. Model specification 
In the previous section, we have discussed relevant country-specific factors and 
industry-specific factors as determinants of IIT shares.  We are interested in examining 
determinants of static distribution of IIT shares over industries as well as dynamic 
changes of IIT shares over time.  To meet these ends, we need to define two sets of 
regression models: one looks into static distribution of IIT shares and the other looks into 
dynamic changes of IIT shares. 
 83
6.1.1. Static IIT shares across countries  
The general form of the model for static IIT shares is defined as the following: 
 
( )ij ijIIT f x=                                                                        (6.1) 
where for country j  and industry i , ijIIT could be total IIT share ( ijTIIT ), horizontal IIT 
share ( ijHIIT ), and vertical IIT share ( ijVIIT ) alternatively. 
The data matrix ijx  for ijTIIT  includes country-specific factors and industry-specific 
factors, which are expected to have significant effects on ijTIIT .  Specifically, country-
specific factors include variables measuring income dissimilarity and factor endowment 
difference (DPGDP and DKL), variables measuring country-level product differentiation 
and economic size (CPD and GDP), variables measuring quality upgrading and FDI 
(R&D, FDI, and INTERACTION), and variables measuring trade barriers (TO, 
DISTANCE) and trade imbalance (TI).  
Industry-specific factors include variables accounting for industry-level product 
differentiation and scale economies (HTSN, AS, and MES), capital intensity 
(INTENSITY), seller concentration ratio (CR4), and categorical aggregation measure 
(VS).  
The data matrix ijx  for ijHIIT  is similar to the data matrix for TIIT, except that the 
measure for vertical product differentiation AS is excluded.  The data matrix ijx  for VIIT 




6.1.2. Dynamic IIT shares over time 
The general model for dynamic IIT shares over time can be defined as the following: 
( )jt jtIIT f x=                                                                       (6.2) 
In this case, jtIIT  can be US IIT shares with country j  aggregated over industries 
at time t . 
The data matrix jtx presents country-specific factors that are expected to have 
significant effects on dynamic IIT shares.  Specifically, jtx  includes the following 
country-level variables: DPGDP, DKL, CPD, GDP, R&D, FDI, INTERACTION, TO, TI, 
DISTANCE, observed at time t . 
6.2. Estimation procedures 
6.2.1. Estimation models for static IIT shares 
The data set we have for the static model is a panel data set with country and 
industry dimensions.  Early studies often use the Ordinary Least Squares (OLS) 
Estimator, with a linear-log or logistic function transformation.  Later studies have 
applied panel data approaches such as fixed effect model and random effect model, to 
account for the possible heterogeneity associated with panel data. 
The simplest estimator for panel data is ordinary least squares (pooled estimator) 
over the pooled data: 
ij ij ols ijIIT x vβ′= +                                                                  (6.3) 
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where 1,j J=  and  1,i N= .  J  and N are the numbers of countries and industries 
included in the data sample, respectively.  The vector of parameters is denoted as olsβ , 
and the error term is itv . 
The pooled estimator is consistent and efficient only when the intercept in the 
estimation model does not change with cross sectional units.  Following practice in 
Greene (2003), a LM test is carried out in this study to test the assumption of a common 
intercept, with a test statistics suggesting that the pooled estimator is not appropriate for 
the data.38  As the result, a fixed effects model or a random effects model should be used 
to capture time specific effects. 
As suggested in Greene (2003), the choice of a fixed effect model or a random 
effect model depends on the purpose of a study.  If the results of a study do not generate 
implications to outside of the sample, a fixed effect model is appropriate.  Otherwise, a 
random effect model is more suitable.  An important assumption in random effect model 
is that the individual effects are not correlated with the other regressors.  Greene further 
suggests that the Hausman specification test can be used to test for the random effect 
model.  The Hausman test indicates that the random effect model is a better choice for 
this study.39  As the result, a one-way random effect model is adopted.   
In this study, we estimate a random effect model as the following: 
ij ij j ijIIT x uβ α ε′= + + +                                                       (6.4) 
where 1,j J= , and J  is the number of countries included in the data sample; 1,i N= , 
and N is the number of SIC 4-digit industries included in the data sample.  Also,β  is the 
                                                 
38 LM test details are attached in TABLE A 2.3. 
39 Detailed Hausman test statistics are reported in TABLE A 2.5.  
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vector of parameters.  The corresponding country-specific effect ju  is invariant with 
industry i .  The error terms ijε  assumes a normal distribution with ( )0,ij N εε σ . 
Define the an error term as the following: 
ij ij iuη ε= +                                                                                (6.5)                                          
We then have an error component model: 
 
2 2 2( )ij uE X εη σ σ= +                                                                     (6.6) 
2




E X j k i





                                                      (6.7) 
Feasible General Least Squares (FGLS) are applied to obtain the covariance matrix, 
which gives rise to consistent estimates. 
Another feature of this data set is that a considerable part of the observations have 
the values of IIT shares of zero.  That is, the data set is left-censored and only positive IIT 
values are observed.  To accommodate the special feature of the data, we apply a limited 
dependent variable approach, namely a Tobit model, to carry out the estimation. 
Following the practice in Clark and Stanley (1999) 
ij ij ijIIT x β ε= +                                                                    (6.8) 











 ≤=  >
                                           (6.9) 
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In this specification, the error term ijε is normally distributed with zero mean and 
variance 2σ .  We can write the log-likelihood function as follows. 







− −   
= + Φ   
   
∑ ∑ (6.10) 
where Φ  and φ  are the cumulative distribution function and the probability density 
function respectively. 
One feature of Tobit model is that the maximum likelihood estimator will be 
inconsistent when heteroscedasticity occurs.40  A likelihood-ratio test (LR test) for the 
existence of heteroscedasticity is carried out as follows.   
We first assume that the variance term takes the following general specification 
2 2 iw
i e
ασ σ ′=                                                                            (6.11) 
The null hypothesis of homoscedasticity is 0α = .  We then estimate the restricted 
model and the unrestricted model, and obtain their log-likelihood values respectively.  
The LR test statistics follow a limiting chi-squared distribution with k (constant excluded) 
degrees of freedom. 
[ ] 2,.052 restricted unrestricted kL L χ− −                                               (6.12) 
The LR test results indicate that the null of homoscedasticity cannot be rejected for 
TIIT, HIIT and VIIT models.41 As the result, in this study, the maximum likelihood 
estimator would not face the danger of inconsistency. 
                                                 
40 Greene (2002), pp768. 
41 For the TIIT model, LR=4.64.  For the HIIT model, LR=26.2.  For the VIIT model, LR=1.6. The critical 
value with 17 degree of freedom is 27.59, and with 16 degree of freedom is 26.3. 
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To capture possible unobserved heterogeneity associated with cross-country 
difference, we adopt a Tobit model with random effect following specifications in 
Wooldridge (2002):  
( )max 0,ij ij j ijIIT x c uβ= + +                                                        (6.13) 
( )2, 0,ij j j uu x c Normal σ                                                          (6.14) 
( )20,j j cc x Normal σ                                                                (6.15) 
where jc is the unobserved effect and jx contains ijx for all i .  
Besides the pooled data Tobit model defined in equations 6.8 and 6.9, we also 
estimate a Tobit model with random effect as defined in equations 6.13-6.15.  
6.2.2. Estimation models for dynamic IIT shares 
The data set used for the dynamic model includes 60 cross section country units and 
three-year time span (1989, 1992, 1997), which warrants the usage of a panel data 
approach.  Because measures of IIT are aggregated to country level, there is no 
observation with zero value.  Such a feature of the data frees us from possible bias and 
inconsistency caused by censored data set. 
Following the procedures we discussed about the static model, we carry out a LM 
test for the existence of a common intercept, and the result indicates that the pooled 
estimator is not appropriate for this data set.42  We further conduct the Hausman 
specification test and find that the one-way random effect model is a better choice for the 
                                                 
42 See TABLE A 2.4 for LM test statistics 
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data set.43  As the result, a one-way random effect model is estimated for dynamic IIT 
shares.  
Following Greene (2003), the model is specified as the following: 
jt jt t jtIIT x uβ α ε′= + + +                                                             (6.16) 
where 1,j J=  and 1,t T= .  J and T are the numbers of cross sectional units and years, 
respectively.  The time specific random element tµ  is invariant with j.  The dependent 
variable jtIIT can be jtTIIT , jtHIIT , and jtVIIT  alternatively.  The data matrix for 
explanatory variables is denoted as jtx ′ , and β  is a vector of parameters. The error term 
jtε  assumes a normal distribution with ( )20,jt N εε σ . 
Define the error term as the following: 
jt jt tuη ε= +                                                                                 (6.17)                                          
We then have an error component model: 
2 2 2( )jt uE X εη σ σ= +                                                                     (6.18) 
2
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                                            (6.19) 
Feasible General Least Squares (FGLS) is applied to obtain the covariance matrix, which 
gives rise to consistent estimates. 
We also notice that the values of dependent variables (IIT shares) are within a 
limited range (0,1).  A linear least squares estimator runs the risk of producing predicted 
values out of this range.  In previous studies, researchers have used a non-linear least 
                                                 
43 See TABLE A 2.6 for Hausman test statistics. 
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squares estimator with logistic function as an alternative.44  The advantage of this method 
is that the predicted values from logistic function are always within the range (0,1).  The 
disadvantage is that though its estimates are unbiased, they are not efficient.  As a 











                                                         (6.20) 
by non-linear least squares. 
6.3. Data description 
There are two data sets included in this study.  Both of them are panel data.  The 
data set for the static model includes observations covering 60 partner countries of the US 
across 344 SIC 4-digit manufacturing industries at the year of 1997, which compose of a 
panel data with 20640 observations.45  The second data set includes bilateral trade 
between the US and the 60 US partner countries in the world, whose time span covers 
years 1989, 1992, and 1997.  For several countries whose data are not available over 
these years, three years between 1989 and 1997 are selected. The second data set has 180 
observations. 
Data on bilateral trade values in thousands of US dollars between the US and other 
countries at SIC 4-digit level and HTS 10-digit level for various years are from the 
USITC Interactive Tariff and Trade DataWeb.  TIIT, HIIT, VIIT, CPD and HTSN are 
calculated accordingly. 
                                                 
44 See Stone and Lee (1995), and Blanes and Martin (2000) for examples.  
45 The 60 countries are those who have observations on the research and development to GDP ratio and 
foreign direct investment. The year 1997 is the latest year for which we can obtain data based on SIC 
classification, since from then on industries are classified by NAICS (North America Industry 
Classification System).  
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Data on MES, CR4, VS, total assets and employment for US SIC 4-digit industries 
are from the 1992 Economic Census CD-ROM, issued May 1996.  INTENSITY is 
calculated by dividing total assets by industrial employment.  Data on AS is from 
Advertising Ratios & Budgets, Schonfeld & Associates, Inc., 1998.  MES, CR4 and AS 
are ratios. VS and INTENSITY are measured in thousands of US dollars.   
Data on GDP and trade imbalance are from the IMF International Financial 
Statistics.  Per capita GDP is calculated by dividing total GDP in US dollars by total 
population. 
Data on fixed capital formation, total labor force, FDI, R&D share for countries are 
from World Development Indicators, 2001 (CD-ROM).  FDI is in millions of US dollars.  
Fixed capital formation is in thousands of US dollars.  DKL is calculated by dividing 
fixed capital formation by total labor force.  
Data on geographical distances between capitals are direct-line distance in 
kilometers.46 
 
VII. The Empirical Results 
7.1. Determinants of static IIT shares across industries and countries 
As described in the previous section, the data set for static models is composed of 
observations over 60 countries and 344 SIC 4-digit industries in 1997.  Since the data set 
is panel data characterized by left-censored dependent variable, we apply both random 
effect model and Tobit model estimation techniques to the data set.  We first estimate the 
                                                 
46 Courtesy from Mr. Hongbo Yu, Geology department, University of Tenneesee. 
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random effect model (defined in equations 6.4 to 6.7) for TIIT, HIIT and VIIT 
respectively, which yield the results reported in TABLE 5. 
Among country-specific factors, income dissimilarity, measured as absolute 
difference of per capita GDP, has a negative effect on all three types of IIT shares, though 
only the effect on HIIT is significant.  We can interpret the result as a weak evidence for 
the Linder’s hypothesis.  That is, countries with similar demand patterns are more likely 
for intra-industry trade to take place.  This finding is consistent with the results reported 
in Balassa (1986), and Clark and Stanley (1999). 
Capital-labor endowment difference, measured as the difference in total fixed 
capital formation to labor force ratio, has a positive and significant effect on VIIT.  This 
finding is consistent with the theoretical prediction of the vertical differentiation model.  
That is, Capital-labor endowment difference allows countries to specialize in different 
quality ranges, and promotes trade in vertically differentiated products.  The results in 
Table 5 also indicate that the effect of factor endowment difference on HIIT and TIIT is 
negative but insignificant.  Overall, HIIT and VIIT respond to factor endowment 
inequality differently. 
The effect of the country-level measure of product differentiation on three types of 
IIT shares is positive and significant, which is consistent with theoretical expectation.  
Economic size, as measured by trading partners’ GDP, has positive and significant effects 
on three types of IIT shares.  This finding is also consistent with theoretical expectation. 
The hypothesis that quality upgrading serves as an important channel for FDI to 
affect IIT shares is generally supported by the empirical results.  The effect of quality 
upgrading, as measured by Research and Development Share, is positive and significant  
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TABLE 5ONE-WAY RANDOM EFFECT MODEL ESTIMATES 
FOR STATIC IIT SHARES 
 HIIT VIIT TIIT 
Intercept  0.247** (0.112)  0.462 (0.293)  0.611 (0.340) 
DPGDP -0.006** (0.001) -0.0003 (0.001) -0.001 (0.002) 
DKL -0.009 (0.017)  0.007** (0.027) -0.015 (0.013) 
CPD  0.005** (0.001)  0.004* (0.002)  0.011** (0.003) 
ln GDP  0.016* (0.008)  0.032** (0.012)  0.058* (0.031) 
R&D  0.005** (0.001)  0.015* (0.008)  0.030** (0.012) 
ln FDI  0.007 (0.007)  0.028** (0.014)  0.030 (0.030) 
INTERACTION  0.002* (0.001)  0.005** (0.002)  0.002* (0.001) 
ln DISTANCE -0.027** (0.011)  0.046 (0.047)  0.056 (0.052) 
TI -0.004 (0.012) -0.045** (0.012) -0.080** (0.030) 
TO  0.025** (0.011)  0.035 (0.038)  0.003* (0.002) 
HTSN  0.001** (0.0001)      0.001** (0.0002) 
AS    0.004** (0.002)  0.003 (0.002) 
MES -0.43 (0.350) -0.36 (0.360) -0.600 (0.520) 
ln INTENSITY -0.013* (0.007)  0.008* (0.005)  0.005 (0.003) 
CR4 -0.001** (0.0001) -0.0002* (0.0001) -0.007** (0.0001) 
ln VS  0.057** (0.0190)  0.009** (0.003)  0.004 (0.007) 
R2  0.304   0.191   0.231  
N used  16837   17303   17303  
N   20640   20640   20640  
LR ( 2.05,15 24.99χ = )  147.2   50.03   65.49  
Notes: Numbers in parenthesis are standard errors.   
* Significant at 10% level. 










for all cases.  Also, FDI affects all IIT shares positively, though only significantly for 
VIIT.  Most importantly, the interaction term is positive and significant for all three 
equations, implying that when FDI is present, the effect of quality upgrading on IIT 
shares is strengthened.  Our explanation is that FDI contributes to quality upgrading 
process in the partner countries, which expands their quality range of exports and allows 
consumers to enjoy more variety of qualities. 
For the other country-specific factors, we find that the signs of geographical 
distance are negative for HIIT and positive for VIIT and TIIT, though the effects on VIIT 
and TIIT are not significant.  The results imply that the trade barrier represented by 
geographical distance reduces horizontal IIT volume more proportionately than it does 
vertical IIT volume; horizontal IIT share falls consequently.  We also find that the 
estimated coefficient of trade imbalance is negative for all three IIT shares, but is 
insignificant for HIIT.  This finding confirms the expectation that trade imbalance brings 
about downward bias to IIT shares.  Trade orientation affects three IIT shares positively, 
which is consistent with theoretical expectation and evidence from previous studies. 
Among industry-specific factors, industrial product differentiation measures, 
including the number of HTS 10-digit products within an industry (HTSN) and 
advertising-to-sales ratio (AS), perform as expected.  Specifically, HTSN affects HIIT 
positively and VS affects VIIT positively.  TIIT, as the aggregate of HIIT and VIIT, 
responds to both kinds of product differentiation measures positively. 
The effect of industrial scale economies, measured as minimum efficient scale, is 
negative for all three types of IIT shares, but the effects are not statistically significant.  
As argued in the literature, the effect of the degree of scale economies on IIT is 
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ambiguous because scale economies promote production efficiency and product 
standardization at the same time.  Our results find no evidence to support industrial scale 
economies’ significant role.  
Another interesting finding is that capital intensity, measured as US industrial total 
assets to employment ratio, affects HIIT and VIIT in different directions.  Specifically, 
the effect of capital intensity is negative for HIIT and positive for VIIT.  To interpret the 
results, we need to restate an important assumption.  That is, since the US is more capital 
abundant than most of the countries in the world, US industries with higher capital 
intensities tend to have more labor-intensive counterpart industries in US trading partner 
countries.  Based on this assumption, our results give rise to evidence for both the 
horizontal differentiation model and the vertical differentiation model.  By the horizontal 
differentiation model, industries with similar capital intensity tend to produce more 
horizontally differentiated product; and by the vertical differentiation model, the same 
industry in two countries needs to be diverged enough in capital intensity so two 
countries can produce quality-differentiated products.  By separating HIIT and VIIT, we 
found that both models yield meaningful predictions, which are supported by our result. 
Four-firm seller concentration ratio has negative and significant effects on all IIT 
shares.  The value of industrial shipment has a positive and significant effect on HIIT and 
VIIT.  The results indicate that the roles of market structure and categorical aggregation 
are consistent with theoretical expectations and the results from previous studies.47  
As we discussed in the previous part, panel data approach omits observations with 
zero value such that a large portion of variations is not accounted for.  In our data set, out 
                                                 
47 Marvel and Ray (1987) and Clark and Stanley (1999) find similar results. 
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of 20640 observations, there are 9473 observations with HIIT values of zero, 10815 
observations with VIIT values of zero, and 8531 observations with TIIT values of zero. 
A limited dependent variable approach like the Tobit model can take those censored data 
into consideration and capture more variations in the data.  As a comparison to the 
random effect model, we estimate a pooled Tobit model as defined in equations 6.8 and 
6.9 and a Tobit model with random effect as defined in equations 6.13-6.15.  The results 
from the pooled Tobit model are reported in TABLE 6 and results from the random effect 
Tobit model are reported in TABLE A 2.7.  
From TABLE 6, we conclude that the results from the Tobit model are generally 
consistent with the results from the random effect model.  The results confirm that 
taste/income dissimilarity negatively affects all three types of IIT shares and factor 
endowment difference has different signs for HIIT and VIIT.  Furthermore, the positive 
effects of country-level product differentiation and economic size on all IIT share are  
confirmed also.  A higher degree of trade openness tends to facilitate intra-industry trade 
more than inter-industry trade, such that it raises IIT shares.  Also, geographical distance 
has a significant negative effect on HIIT and trade imbalance affects all IIT shares 
negatively. 
R&D share has a significant positive effect on all IIT shares.  Although the effect of 
FDI is not significant, it does have the expected positive sign.  The significant and 
positive interaction term indicates that the channel effect of quality upgrading is quite 
robust across different model estimations. 
Among industry-specific factors, the positive effects of product differentiation 
measures are supported by the pooled Tobit model estimates.  The results also confirm  
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TABLE 6TOBIT MODEL ESTIMATES FOR STATIC IIT SHARES 
 HIIT VIIT TIIT 
INTERCEPT  0.314 0.144  0.051 0.273  0.520 0.248 
DPGDP -0.003** 0.001 -0.003* 0.001 -0.001 0.001 
DKL -0.018** 0.008  0.015 0.014  0.013 0.013 
CPD  0.006** 0.001  0.007** 0.002  0.010** 0.002 
ln GDP  0.016 0.016  0.062** 0.031  0.062** 0.028 
R&D  0.004** 0.002  0.039** 0.013  0.027** 0.012 
ln FDI  0.009 0.009  0.028 0.018  0.012 0.017 
INTERACTION  0.006** 0.003  0.005* 0.003  0.003 0.001 
TI -0.020* 0.013 -0.115** 0.024 -0.094** 0.022 
ln DISTANCE -0.012* 0.007  0.073 0.044  0.045 0.031 
TO  0 0.0001  0.001** 0.0002  0.001** 0.0002 
HTSN  0.004** 0.001    0.002** 0.001 
AS    0.004** 0.002  0.003 0.002 
MES -8.735** 1.887  14.055** 3.676  1.436 3.363 
ln INTENSITY -0.016** 0.006  0.015 0.011 -0.005 0.010 
CR4 -0.007** 0.002 -0.004 0.004 -0.001** 0.0004 
ln VS  0.014** 0.005  0.052** 0.009  0.013** 0.005 
SCALE  0.153 0.002  0.302 0.005  0.284 0.004 
  110.57   134.43   148.67  
non-censored   10167   9725   12109  
left censored  9473   10815   8531  
log-likelihood 2426.52   6958.72  7529.47  
Notes: Numbers in parenthesis are standard errors.   
* Significant at 10% level. 






that the effects of four-firm seller concentration ratio and categorical aggregation have 
positive effects on IIT shares.  Also, capital intensity affects HIIT negatively and VIIT 
positively, as found in the random effect model. 
Industrial scale economies affect HIIT negatively and VIIT positively, and both the 
effects are significant.  This finding is different from the results of the random effect 
model, in which the effects of industrial scale economies are insignificant.  As we 
discussed before, theory predicts that scale economies promote production efficiency and 
product standardization at the same time, so the net effect can assume either sign 
depending on the magnitudes of the two counter effects.  The conflicting estimates from 
two models suggest that we fail to find conclusive evidence about the role of scale 
economies on IIT shares in this study.  
We also estimate a random effect Tobit model to account for possible unobserved 
country-specific effect, and the results are generally consistent with the results of the 
pooled Tobit estimates and random effect model estimates. 48 
Among above findings, we especially want to emphasize on two interesting features 
emerging from the static model estimates.  First of all, after separation of HIIT and VIIT, 
it becomes clear that the two different types of IIT shares respond to factor endowment 
difference and industrial factor intensity differently.  Factor endowment inequality tends 
to be positively correlated with vertical IIT share and negatively correlated with 
horizontal IIT share, which is consistent with theoretical predictions.  Industrial factor 
intensity exhibits a similar pattern, as predicted by theory.  As the result, the separation of 
HIIT and VIIT yields meaningful results.  Second of all, we identify new determinants of 
                                                 
48 The results are reported in TABLE A 2.7.  
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intra-industry trade: 1) quality upgrading serves as an important channel for FDI to affect 
IIT shares, and 2) country-level production measure has positive effects on all IIT shares.  
These features distinguish this study from previous studies on determinants of US IIT. 
7.2. Determinants of dynamic IIT shares 
In this section, we report and interpret the estimated results for the models of 
dynamic IIT shares.  Our data set includes observations over 60 countries over 3 years 
time span.  As discussed in the previous part, we estimate a one-way random effect 
model and a nonlinear least squares with logistic function transformation.  We first report 
the results from the one-way random effect model in TABLE 7.  
The empirical results for the dynamic models suggest that over time most of 
variations in aggregated bilateral IIT shares are explained by variables accounting for 
inter-country differences.  Except a few, estimated coefficients are significant, and they 
are discussed respectively as follows. 
The results in TABLE 7 show that income/taste dissimilarity is only significant for 
HIIT with a negative sign, providing evidence for Linder’s hypothesis in horizontal 
differentiation model.  Factor endowment difference affects HIIT negatively and VIIT 
positively, consistent with the predictions yielded from the horizontal differentiation 
model and the vertical differentiation model. 
Product differentiation, measured as the average number of HTS 10-digit products 
across industries for partner countries, has positive and significant effects on three types 
of IIT shares.  This result is consistent with theoretical expectation that over time a higher 
degree of product differentiation provides a larger basis for exchange, which promotes 
horizontal IIT as well as vertical IIT. 
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TABLE 7ONE-WAY RANDOM EFFECT ESTIMATES 
 (DYNAMIC MODELS) 
 HIIT VIIT TIIT 
INTERCEPT  0.327 (0.020) -0.156 (0.085)  0.171 (0.104) 
DPGDP -0.0004* (0.0001)  0.001 (0.002)  0.001 (0.001) 
DKL -0.004 (0.004)  0.046** (0.002)  0.042 (0.035) 
CPD  0.006** (0.0001)  0.005** (0.0004)  0.010** (0.001) 
ln GDP  0.025** (0.003)  0.002** (0.010)  0.028** (0.013) 
R&D  0.020** (0.0004)  0.020** (0.002)  0.032 (0.002) 
ln FDI  0.026 (0.025)  0.026 (0.018)  0.052** (0.010) 
INTERACTION  0.003** (0.0004)  0.002* (0.001)  0.005** (0.002) 
TI -0.002* (0.001) -0.038** (0.004) -0.036** (0.005) 
ln DISTANCE -0.070** (0.004) -0.098 (0.064) -0.167** (0.018) 
TO  0.0001** (0.000)  0.001** (0.000)  0.001** (0.000) 
       
R2  0.79  0.83  0.63 
N  60 X 3  60 X 3  60 X 3 
F ( .05,1,10 4.96F = )  71.24  74.55  69.58 
Notes: Numbers in parenthesis are standard errors.   
               * Significant at 10% level. 










We find that economic size, measured as total GDP of partner countries, exert 
positive and significant effects on all IIT shares.  Our finding supports the role of 
economic size in determining intra-industry trade.  That is, a larger economic size of a 
US trading partner implies a smaller country size differential between the US and the 
partner country and allows more product variety to be produced under scale economies. 
The result is also consistent with findings in previous studies. 
The positive effects of FDI and product quality upgrading are generally supported 
by the results in TABLE 7.  The significant and positive interaction terms for three IIT 
shares indicate that the effect of quality upgrading tends to be greater when FDI is 
present.  This compounding effect of FDI confirms our hypothesis that quality upgrading 
is an important channel for FDI to affect IIT shares. 
Geographical distance has a negative effect on all three IIT shares, but is only 
significant for HIIT and TIIT.  The result confirms that information cost associated with 
geographical distance reduces IIT more proportionately than inter-industry trade.  This 
finding is consistent with previous studies, in which the effect of distance is generally 
reported as negative. 
Trade imbalance has a negative and significant effect on IIT shares as expected.  
This finding is consistent with theoretic prediction that trade imbalance results in 
downward bias in IIT, and empirical evidence reported in previous studies. 
Trade orientation contributes to all three IIT shares, though the effect is relatively 
small.  This finding is consistent with theoretical prediction that a higher degree of trade 
orientation promotes IIT more proportionately than inter-industry trade.  Previous studies 
also generally support the same result. 
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We also estimated the equations for TIIT, HIIT and VIIT by the nonlinear least 
squares estimator with logistic transformation as defined in equation 6.20.  The results 
are generally consistent with the results from the random effect model.  We conclude that 
the results are robust over different specifications.49  
The above findings from the dynamic models confirm that quality upgrading is an 
important channel for FDI to improve intra-industry trade over time.  Combining with the 
results from the static models, we find fairly strong evidence for the channel effect of 
quality upgrading in this study.  Furthermore, the findings from the dynamic models also 
confirm that although HIIT to VIIT respond similarly to most of variables, they react to 
capital-labor endowment difference with significant difference.  Combining with findings 
in the static models, we incline to conclude that separation of HIIT and VIIT yields 
meaningful and direct evidence for both the horizontal differentiation model and the 
vertical differentiation model. 
 
VIII. Conclusion 
It has been acknowledged by researchers that a significant portion of international 
trade is composed of intra-industry trade, which contradicts predictions from the 
traditional comparative advantage theory.  A large amount of literature has been devoted 
to investigate causes and determinants of intra-industry trade.  This essay carries out an 
extensive study on the US multilateral IIT that represents improvements over previous 
studies in several aspects.  First, the pattern of US IIT is carefully examined, with the 
application of a new method to separate HIIT and VIIT.  Second, we not only examine 
                                                 
49 Refer to TABLE A 2. 8 for detailed estimates. 
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determinants of static IIT pattern across industries and countries, but also investigate 
determinants of dynamic IIT over time.  Since determinants of horizontal IIT share and 
vertical IIT share are estimated separately, our study yields more direct evidence for two 
different types of IIT models.  Third, by including new determinants into the study, more 
hypotheses suggested by theory are tested.  
One significant finding of this study is that the US multilateral IIT pattern is 
characterized by the dominance of horizontal IIT over vertical IIT at industrial level, and 
by the dominance of vertical IIT over horizontal IIT at country level, even for North-
North IIT.  Given that US trades mostly with industrialized countries, conventional 
recognition is that their IIT should be horizontal in nature.  Our contradictory finding 
suggests that this recognition is not appropriate when referring to bilateral aggregated 
trade.  A direct implication is that the famous “smooth adjustment hypothesis” may only 
be meaningful in industrial sense, and policy proposals based on “smooth adjustment 
hypothesis” need to be industry-specific. 
Another important finding concerns determinants of IIT.  We find that quality 
upgrading is an important channel for FDI to affect both types of IIT.  The finding is 
important not only because we identified a new determinant of IIT, thus providing 
implication for future studies, but also because it has particular implication for 
developing countries that have been engaged in encouraging FDI inflow and foreign 
trade.  For them, directing FDI to quality upgrading activities may be an effective way to 
boost their foreign trade.  In addition, we also find that the newly included country-level 
product differentiation measure has significant influence on both horizontal intra-industry 
trade and vertical intra-industry trade.   
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The results also provide more direct evidence for both the horizontal differentiation 
model and the vertical differentiation model, after the separation of HIIT and VIIT. 
Specifically, HIIT and VIIT react to factor endowment difference and industrial capital 
intensity with opposite signs, as suggested by theory.  There is also evidence that VIIT 
reacts to trade barrier less sensitively than HIIT does.  Our results suggest that it is 
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                   TABLE  A 2.1SAMPLE STATISTICS OF COUNTRY VARIABLES 
Variables N MIN MAX MEAN STD 
DPGDP 180  343  28220  26470  3674 
DKL 180  95.59  23843.65  5209.63  5704.05 
CPD 180  0.94  29.440  8.96  7.21 
ln GDP 180  9.08  12.71  10.85  0.82 
R&D 180  0.01  3.76  1.056  0.83 
ln FDI 180  5.67  10.96  8.797  1.20  
INTERACTION 180  0.07  39.65  9.83  8.67 
TI 180  0.002  0.98  0.28  0.23 
ln DISTANCE 180  2.86  4.21  3.89  0.21 
































TABLE A 2.2SAMPLE STATISTICS 
OF INDUSTRY VARIABLES 
VARIABLES N MIN MAX MEAN STD 
CR4 344  0  98  40.12  21.18 
VS 344 45200  1.53E+08  6560834  12685117 
MES 344  0  0.099  0.005  0.009 
INTENSITY 344  0  1418.55  110.42  147.19 
HTSN 344  0  229  13.89  23.64 





































A 2.3:  LM tests for a common intercept 
From the OLS residuals of the following model 
it it ity x β ε′= +  
Define e  as the time specific means of the least squared residuals, and e e′ as the sum of 
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is distributed as chi-squared with one degree of freedom.  
In this study, for TIIT, HIIT and VIIT equations, we obtained the following LM statistics   
TABLE A  2.3LM TEST FOR COMMON INTERCEPT (STATIC IIT SHARES) 
  IIT   HIIT VIIT  
LM statistics 15.231  13.594 19.856 
 
TABLE A  2.4LM TEST FOR COMMON INTERCEPT (DYNAMIC IIT SHARES) 
  IIT   HIIT VIIT  
LM statistics 6.388  18.281 13.629 
 
With the critical value of 3.84, the null of no random effects is rejected for both the static 








A 2.4: Hausman specification tests 
  
TABLE A 2.5HAUSMAN 
SPECIFICATION TEST FOR RANDOM 
EFFECT (STATIC MODELS) 
 IIT HIIT VIIT 
Test     
statistics 5.34 7.09 9.26
Critical value: 28.85 at 95% level with 16 df. 
 
TABLE A 2.6HAUSMAN 
SPECIFICATION TEST FOR RANDOM 
EFFECT (DYNAMIC MODELS) 
 IIT HIIT VIIT 
Test     
statistics 1.01 1.96 0.08














TABLE A 2.7RANDOM EFFECT TOBIT MODEL ESTIMATES  
(FOR STATIC MODELS) 
 HIIT VIIT TIIT 
Variables Coefficient Std. Err  Coefficient Std. Err  Coefficient Std. Err 
INTERCEPT  0.356 (0.152) -0.373 (0.369)   0.024 (0.303) 
DPGDP -0.014** (0.005) -0.031** (0.011)  -0.019* (0.009) 
DKL -0.009 (0.006)  0.008** (0.002)   0.024 (0.019) 
CPD  0.005** (0.001)  0.004** (0.002)   0.009** (0.001) 
ln GDP  0.021* (0.013)  0.039 (0.025)   0.026 (0.019) 
R&D  0.005 (0.004)  0.029** (0.011)   0.019** (0.008) 
ln FDI  0.021** (0.008)  0.048 (0.034)   0.034** (0.012) 
INTERACTION  0.003** (0.001)  0.001* (0.003)   0.001 (0.003) 
TI -0.011 (0.011) -0.034 (0.024)  -0.028 (0.018) 
ln DISTANCE -0.032** (0.014)  0.066 (0.045)   0.001* (0.007) 
TO  0 (0.0001)  0.001** (0.0002)   0.001** (0.0001) 
HTSN  0.001** (0.0001)       0.001* (0.0001) 
AS     0.002** (0.0001)   0.005* (0.003) 
MES -0.362 (0.297)  0.252 (0.475)   0.071 (0.445) 
ln INTENSITY -0.019** (0.004)  0.02 (0.013)  -0.0001 (0.001) 
CR4 -0.007** (0.001)  0.001 (0.002)   0.006** (0.002) 
ln VS  0.021** (0.009)   0.048* (0.027)   0.013** (0.005) 
  0.012 (0.003)  0.055 (0.005)   0.059 (0.006) 
  0.178 (0.001)  0.302 (0.003)   0.291 (0.002) 
  0.004 (0.002) 0.033 (0.005)   0.040 (0.008) 
N  10167    9825    12109  
Left censored  9473    10815    8531  
Chi square  824.83    476.04    438.99  
Notes: Numbers in parenthesis are standard errors.   
* Significant at 10% level. 








TABLE A 2.8NON-LINEAR LEAST SQUARES ESTIMATES 
(DYNAMIC MODELS) 
 HIIT VIIT  TIIT 
DPGDP -0.014 (0.011)  -0.021* (0.012)  -0.023* (0.013) 
DKL -0.232 (0.171)   0.413** (0.206)   0.393** (0.188) 
CPD  0.079** (0.016)   0.040* (0.024)   0.056** (0.021) 
ln GDP  1.328** (0.291)   0.734** (0.334)   0.715** (0.320) 
R&D  0.329** (0.131)   0.115 (0.197)   0.075 (0.159) 
ln FDI  1.028** (0.222)   0.528** (0.258)   0.641** (0.230) 
INTERACTION  0.080* (0.030)   0.155 (0.161)   0.016 (0.114) 
TI -0.842** (0.312)  -0.441 (0.333)  -0.567* (0.303) 
ln DISTANCE -0.206 (0.240)  -0.615** (0.302)  -1.151** (0.414) 
TO  0.0003* (0.0001)   0.003** (0.001)   0.001** (0.002) 
         
R2  0.775    0.852   0.604   
N 180    180   180  
         
Notes: Approximate standard errors are reported in parentheses. 
*Approximate p-value is less that 10%. 























TABLE A 2.9 VARIABLE DEFINITIONS 
Variable Name Definition 
DPGDP The absolute difference of per capita GDP   
DKL The absolute difference of total fixed capital formation per labor   
CPD The average number of HTS 10-digit products over industries   
GDP GDP of trading partners    
R&D The share of research and development in GDP for trading partners 
FDI Foreign direct investment received by trading partners 
INTERACTION The interaction of RDS and FDI    
TI Trade imbalance with each trading partner   
DISTANCE Geographical distance between capitals   
TO Trade orientation of trading partners  
HTSN The number of HTS 10-digit products for US industries  
AS Advertising-to-sales ratio for US industries   
MES Minimum efficient scale for US industries   
CR4 The largest four-firm seller concentration ratio for US industries 
INTENSITY The ratio of total assets over employment for US industries 



























This dissertation includes two essays on patterns and determinants of US IIT.  The 
first essay examines theoretical relationships among FDI, product quality upgrading and 
North-South IIT.  The existing Flam and Helpman (1987) quality-based product cycle 
model is modified to address the issues of FDI and product quality upgrading.  Compared 
to previous theoretical studies, the modified model links product quality with both labor 
efficiency and capital intensity; and the modified model also introduces an imitation 
process into the South, which utilizes both labor and capital and improves labor 
efficiency.  The modified model yields results that establish a positive causal link 
between FDI and North-South IIT volume as well as North-South IIT share, with product 
quality upgrading serving as an important channel.  The results of the model provide 
theoretical explanations for the fast-growing North-South IIT, yield testable hypotheses 
regarding determinants of US IIT, and have policy implications for developing countries. 
The second essay carries out an extensive study on the US multilateral IIT patterns 
and determinants.  Compared to previous studies, this essay first carefully examines the 
static and dynamic patterns of US IIT, with the application of a new method to separate 
HIIT and VIIT.  The results suggest that the US IIT pattern is one in which HIIT 
dominates at industrial level and VIIT dominates at country level.  The implication is that 
the Smooth Adjustment Hypothesis needs to be evaluated with discretion.  Second, the 
essay investigates both the determinants of static IIT across industries and countries and 
the determinants of dynamic IIT over time.  To accommodate the special features of the 
data sets, more than one econometric technique is applied for estimation.  The empirical 
results provide evidence for the hypothesis proposed in the first essay; that is, quality 
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upgrading is an important channel for FDI to affect HIIT and VIIT.  The empirical results 
also suggest that although HIIT and VIIT respond to most determinants similarly, they do 
respond differently to factor endowment difference, industrial capital intensity, and trade 
barriers.  Consequently, trade pattern is affected by those factors significantly. 
The two essays contribute to the current literature on IIT through their investigation 
into the patterns and determinants of US IIT.  The evidence presented here indicates that 
new sources such as quality upgrading and FDI need to be included in order to better 
account for IIT changes.  Also, IIT needs to be broken down into HIIT and VIIT in order 
to better understand IIT pattern, and determinants of HIIT and VIIT should be 
investigated separately since they respond to certain factors differently.  Together, the 
two essays uncover meaningful information on the US IIT pattern and provide theoretical 
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